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PEEFACE TO THE SECOND EDITION. 
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At the urgent and repeated request of Mr Weale, I have 
consented to accede to his desire to publish a Second Edition 
of a " Sketch of the Civil Engineering of North America." 

A work on American engineering, founded on observa- 
tions made by me twenty-two years ago, will be apt, I fear, 
to be regarded as worthless. Such, indeed, was my own con- 
viction when Mr Weale first made the proposal. But after 
full inquiry and consideration, I have come to a different 
conclusion. If my observations were calculated to be useful 
to the profession at the time they were first published, no- 
thing has taken place that should render them otherwise 
than useful to the younger members of the profession now, 
and I do not feel justified in withholding my assent to the 
raquest of the publisher and proprietor of the first edition of 
the work, which is now out of print. 

The geological features of America, comprehending its 
sheltered harbours, mighty rivers and lakes, wooded moun- 
ttiiiB, and boundless prairies, of course remain unchanged, and 
innrks which were found applicable to the physical state of 
fbe country twenty years ago are obviously applicable to it 
mom* The fact is, that although public works in America 
hive, lince my visit, been enormously extended, the prin* 
j^V^jpbli of engineering construction, with slight modificationg. 
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remain the same. Labour in the United States is still ex- 
' pensive, timber is still plentiful, and lines of communication 
: have yet to be formed at as small a cost as possible through 
almost unexplored regions. So long, then, as engineering 
; practice has, from the necessities of the case, to be adapted 
* to such circumstances, no very great or radical change in 
: mechanical construction, or in management, is likely to be 
introduced. It is no doubt true that individual works of 
great extent, and perhaps originality, may from time to 
time be erected, such, for example, as the bridge across the 
Niagara connecting the United States with Canada, which 
is a recent triumph of American engineering, or the bridge 
across the St Laurence on the line of the Grand Trunk Eail- 
way, which will be another exponent of the engineering 
skill of the British, but these may be regarded as excep- 
tional works. They are proofs of engineering skill applied 
to overcome special difficulties, but they do not alter what 
may be regarded as the characteristics or peculiarities of 
American engineering, a sketch of which was all that my 
treatise was ever intended to give. The works alluded to are 
not indeed specimens of what may be termed indigenous 
American engineering, or, in other words, designs applicable 
to a country in its infancy, but rather examples of the engineer- 
ing of an older school for the first time applied in America. 
In proof of my statement as to the unaltered condition 
of American engineering practice, I shall refer to one class 
of works which has been more extended in America during 
the last twenty years than in any other country, and in 
which there has consequently been greater scope for im- 
provement — I mean railways. When I visited the United 
States in 1837, there were 1600 miles of railway open for 
traffic, and 2800 in the course of construction. In 1856 
there were upwards of 26,000 miles of railway in full opera- 
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tion. Now, it is a singular and significant fact, that, notwith- 
standing the formation of so many new lines, and the experi- 
ence that must have heen gained during their construction, 
the American railway system, if we except its enormous ex- 
tension, appears to have undergone little or no change dur- 
ing the last twenty years. In the interesting and valuable 
report by Captain Galton, R.E., made to the Board of Trade 
in 1857, the same features which I found to be peculiar to 
American railways in 1837 seem to be regarded as their pe- 
culiarities still ; showing that there is in the people a con- 
servative principle, if we may so express it, which leads them 
to cling to what they fancy best suited to their people and 
climate. We find, for example, in Captain Galton's enumer- 
ation of American engineering peculiarities, detailed descrip- 
tions of the locomotives with their long connecting rods 
suitable for steep gradients, and tlieir four-wheeled trucks 
moving on a centre pivot, to enable them to pass quick 
curves, which were the distinguishing characteristics of Ame- 
rican locomotives in 1837; while the cage for catching sparks 
still occupies the top of the funnel, and the guard or " cow- 
catcher," forwarding oflf stray cattle, runs in front of the en- 
gine. The passenger " cars," as they are called, are still 
the same long-bodied carriages, resting on four-wheeled 
tracks at either end, with seats at either side, and a passage 
down the centre. The railways in the neighbourhood of 
towns are as imperfectly fenced as ever, and a large bell on 
the engine is still rung at all the level crossings, which are 
generally without gates or gate-keepers, while the rails are in 
some cases still carried to the station through the principal 
streets, " the public being," as Captain Galton expresses it, 
" left to take care of themselves." 

Nor have I been able to discover that any material pro- 
gress has been made in the harbour, river, or canal en- 
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gineering. The fact, indeed, of the rapid extension of rail- 
ways to which I have referred renders it, I should say, im- 
possihle that canal and river engineering should receive the 
same attention which it did in that country previous to 
the introduction of the new system of communication. I 
have therefore thought it best to republish the original 
sketch very much in its original form, the only alteration 
introduced being the corrections of anachronisms, and a 
notice of whatever I have been able to ascertain to be new 
in design or construction. 

I must advert to one exception — ^the lighthouse system — 
which was most imperfect when I visited the country, but 
has since been remodelled, and instead of repeating the for- 
mer article on that subject, I have given a sketch of the new 
arrangements, taken chiefly from the Eeport of the American 
Lighthouse Board. 

To these explanations I only add, that, as my observa- 
tions, made upwards of twenty years ago, are still applica- 
ble, we may reasonably infer that the practice they de- 
scribe has been found well-suited to the country, climate, 
and people, and, therefore, we may confidently express the 
hope that the information they contain may prove useful 
and instructive, particularly to young engineers practising 
their profession in newly settled countries, for whom, chiefly, 
they have been published in their present form. 
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HARBOURa, 



lillttta for tbe tbnnition of H&rbaaii on tlie AmerliiD Cout — 
-Conatraotion of Qa&yi and Jetticn— Cr&Des — GniTing Dooki — 
Screw Dooki— Hydraolio Socka^Londing Slips. &a.— New York— 
BoBtoD—PhiladelpbiK— Baltim ora— Charlea Un— New Orleans— Quebeo 
— M onueil- H&lifiz. 

Thb easteni and southern coasta of !NoFtIi America are in- 
dented bynumerouB bays and sheltered sounde, which afford 
natural fncilities for the formation of harboura mole com- 
modious than any which works of art alone, however costly, 
could posflibly supply, and to an extent of wliieli, perhaps, 
DO other quarter of the globe can boast. The noble rivers 
with which that country abounds, and ita inland lakes, 
which, for expanse, deserve the name of seas, are suhjects 
of great interest to the general traveller ; but to the civil- 
engineer, who is more alive to the importance of deep water 
and good shelter in the formation of harhouts, and who, at 
every step in the exercise of his profession, feels the diffi- 
culty, and is made aware of the expense, of attaining these 
ijualities by artificial means, the natural harbours of the con- 
tinent of North America are particularly interesting. 
The on. 'rial fbnndeiB of the American seaports appear to 
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of the European and American harbours, they soon become 
apparent and satisfactory. The dilBficulties and expense en- 
countered in the formation of most European harbours, have 
arisen chiefly either from the necessity of constructing works 
of a sufficient strength to withstand the violence of a raging 
sea to which they are exposed, or in obtaining a sufficient 
depth of water, by the construction of docks or other means, 
to enable the vessels frequenting them to lie afloat at all 
times of tide. In Britain, these difficulties in a great measure 
arise from the narrowness of our country, which necessarily 
contains but a small extent of inland waters, whose quantity 
and currents, when compared with the bays and rivers on 
the American coast, are agents too unimportant and feeble 
to produce, without recourse to artificial means, the depth or 
shelter required in a good harbour. The Americans, on the 
contrary, among the numerous large bays and sounds by 
which their coasts are indented, have been enabled to select, 
as situations for their harbours, places which are perfectly 
defended from the surge of the ocean, and which require no 
works, like the breakwaters of Plymouth and Cherbourg, for 
their protection ; and the basins formed and scoured by their 
large navigable rivers afford, without resorting to the con- 
struction of docks like those of Liverpool, London, Leith, or 
Dundee, natural havens, where their largest vessels lie afloat 
at all times of tide within a few paces of their warehouse 
doors. 

The kind of workmanship which has been adopted in the 

formation of the American harbours is almost the same in 

every situation ; and the harbours generally bear a strong 

resemblance to each other in the arrangements of the quays, 

and even in their physical characteristics, being generally 

formed along the margin of projecting tongues of land or 

projecting coast lines, which are protected from the direct 

action of the sea by islands or outlying stretches of coast. 

This renders a detailed description of the works of more than 

le harbour unnecessary ; and for the purpose of giving an 

aa of an American port, I select that of New York, because 

undoubtedly ranks as the first harbour in America, and is, 



HABBOURS. 5 

in fact, the second commercial city in the world, the aggre- 
gate tonnage of the vessels belonging to it being exceeded 
only by that of London. 

The island of Manhattan, in the state of New York, is 
abont fifteen miles in length, and from one to three miles in 
breadth. The city of New York is situate on the southern 
extremity of this island, in north latitude 40° 42', and west 
•longitude 74° 2* from Grreenwich. It was founded by the 
Dutch in the year 1612, and it now contains a population 
of about 500,000 inhabitants,* and measures about ten miles 
ia drcumferance. On the east, the shore of Manhattan Island 
is wa£hed by the sound which separates it from Long Island, 
and on the west by the estuary of the Kiver Hudson, which, 
•8 far up as Albany, is more properly an arm of the sea than 
a river, the stream itself being comparatively small. These 
mtters, which have received from the Americans the appel- 
lation of the East and North Eivers, meet at the southern 
axtremity of the island of Manhattan, and at their junction 
fimn the spacious bay and harbour of New York, that great 
emporium of the western hemisphere. 

The Bay of New York, which extends about nine miles in 
length and five miles in breadth, has a communication with 
Hie Atlantic Ocean through a strait of about two miles in 
keadth, between Staten Island and Long Island. This 
Mmlt is called " The Narrows ;" and on either shore stands 
a fort for protecting the entrance to the harbour. This 
aagnificent bay, which is completely sheltered from the 
itany Atlantic by Long Island, forms a grand deep-water 
Inn, and offers to almost any extent, a spacious and safe 
Andhorage for shipping, while the quays which compass the 
%mR on its eastern, western, and southern sides, afford the 
- BeetMHUry facilities for loading and discharging cargoes. The 
A^ing in the harbour of New York, therefore, without the 
;y;Mcftion of breakwaters or covering-piers, is, in all states of 

fWind, protected from the roll of the Atlantic. Without 
aid of docks, or even dredging, vessels of the largest 

■j:fi» popnUtion of towns have been corrected up to the present timo. 
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class lie afloat during low water of spring-tides, moored 
to the quays which bound the seaward sides of the city ; 
and, by the erection of wooden jetties, the inhabitants 
are enabled, at a very small expenditure, to enlarge the 
accommodation of their port, and adapt it to their increasing 
trade. 

The situation of New York is peculiarly favourable for the 
extensive trade of which it has become the seat, by the near- 
ness of its harbour to the ocean — the quays being only about 
eighteen miles from the shore of Sandy Hook, which is 
washed by the waters of the Atlantic. This naturally makes 
the communication both direct and easy, as a very short time 
elapses between making land and mooring at the quay ; and 
all the anxiety which is experienced after falling in with the 
European land, in a coasting navigation of several days, 
before the mariner terminates his cares by docking his vessel 
in Liverpool or London, or in any other port of Great 
Britain, is thus avoided. I may mention, in illustration, that 
I left the quays of New York at half-past eleven on the fore- 
noon of the 8th of July 1837, in the " Francois Premier" 
packet-ship. Captain Pell, for Havre, with a very light breeze 
from the north-west ; and, at seven o'clock on the evening 
of the same day, our vessel was gliding through the Atlantic 
with nothing in sight but sky and water. This case is 
strongly contrasted with what took place on my outward 
passage, on which occasion I left Liverpool, under no lesa 
advantageous circumstances, on the 12th of March of the 
same year, in the " Sheffield" packet-ship. Captain Allen; 
but we did not clear the Irish land till two days after our 
leaving port. 

The perpendicular rise of tide in the harbour of New York 
is only about five feet. The tidal wave, however, increases 
in its progress northwards along the coast, till at length, in 
the Bay of Fundy, it is said to attain the maximum height 
of 90 feet. Towards the south, on the contrary, its rise is 
very small ; and, in the Gulf of Mexico, it is reduced to 
ighteen inches ; while on the shores of some of the West 

idia Islands it is said to be quite imperceptible. 
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A bar extends from Sandy Hook to the shore of Long 
Island, across the entrance to the harbour. Over this there 
is a depth of about twenty -one feet at low water. 

The wharfs erected for the accommodation of the shipping 
of New York are formed entirely of timber and earth, in 
. a very rude and simple manner. A row of wooden piles, 
driven close to each other into the bottom, forms the face- 
work of the quay, which is projected from the shore as far as 
is necessary to obtain a depth of water sufficient to float the 
largest class of vessels at all times of the tide. The situa- 
tion of New York, in this respect, is very favourable, as 
deep VT^ater is generally obtained at the distance of from 
forty to fifty feet from the margin of the water. The piles, 
qf which the face-work of the piers is composed, are driven 
perpendicularly into the ground, and are secured in their 
places by horizontal wale-pieces or stretchers, bolted on the 
foce of the quay, and running throughout its whole extent. 
Diagonal braces are also bolted on the inside of the piles, 
and beams of wood ar^ connected to the face-work, and 
extend behind it to the shore, in which they are firmly 
embedded. These beams act both as struts and ties, serving 
to counteract the tendency of lateral pressure, whether act- 
ing externally or internally, to derange the line of quay. 
Xhe void between the perpendicular piles, which form the 
~ face-work and the sloping bank rising from the margin of 
fhe water, is generally filled up with earth, obtained in the 
operation of levelling sites and excavatingfoundations for 
&e dwellings and warehouses of the city. This hearting of 
eferth is carried to the height of about five feet above high 
water of spring-tides, at which level the heads of the piles, 
ibnning the face-work, are cut off, and the whole roadway 
or aniface of the quay is then planked over. The planking 
veed in forming the roadway of the quay is, in some cases, 
]A quite exposed ; but, in general, where there is a great 
I tlioroaghfare, the surface is pitched with round water- worn 

nbmes, and corresponds, in appearance and level, with the 
4j406nt streets. The accompanying cross section of one of 
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the wharfa, will show more clearly the manner in which they 
are coQstiucted. 




A continilons lineof wooden quay-wall, constrnctedin this 
manner, surrounds the city of New York on its eastern, west- 
em, and southern sides ; and the inhabitants are still rapidly 
extending their harbour accommodation to meet the wants of 
increasing trade, which has now become so great, that these 
wooden wharf-walls have attained a length of no leas than 
Baven miles. Numerous jetties, of the same construction as 
the continuous quay-wall already described, project into the 
harbour at distances of from three to four hundred feet apart. 
— The jetties are generally from two to three hundred feet in 
length, and from fifty to sixty feet in breadth. The vessels 
frequenting the harbour are moored in the bays formed be- 
tween these projecting jetties, where they lie closely penned 
together, waiting their turn to get a berth alongside the 
wharfa. 

The wood-work in the quays and jetties is of a very rough 
description. The timbers employed in their construction ate 
seldom squared, and never, in any case, protected by paint 
or coal-tar from the destroying effects of Jhe atmosphere. 
Wood is so plentiful in America, that to repair, or even to 
construct works in which timber is the only material em- 
ployed, is generally regarded as a very light matter. 

The fixed crane for raising great weights, which is so 
^y used in the quays of Europe, is not employed in 



TSew York, nor, in fact, in any of the AmericaD porte. There, 
veaeelB dischEuge and take in cargo with a puichase hung 
ftom the yard-arm. Tackling, attached to moveahlo sheer- 
poles or derricks, is also pretty much used in some of the 
ports ; but this apparatus proves a very poor substitute for 
fixed quay-cranea, which are certainly of great convenience 
and utility is a shipping-port , 

The want of proper accommodation for yessels requiring re- 
pair ifi much felt by the shipping frequenting the American 
ports. The construction of an effective graving dock, is, un- 
der any circumstances, an operation of considerable expense ; 
Irat, in situations where the rise of tide is small, the difiicul- 
ti« encountered in its construction, and the inconvenience 
and expense attending the use of it when completed, prove 
a great bar to the introduction of this useful appendage to a 
dock-jRnJ. It is, in a great measure, owing to these circum- 
stances that graving docks, for the repair of trading vessels, 
are not used in the American ports ; in the most important 
of which, the perpendicular rise of tide is so small, as to 
lessen, in a great degree, the advantages which, under more 
fsvourable circumstances, would be derived from their intro- 
dnctiou. 

The only graving docks existing in North America, at the 
time of my visit, were those which have been erected for the 
use of the Navy by the Government of the United States, in 
the navy-yards of Boston in Mas Bach usetts, and Norfolk in 
Virginia. These docks have been formed of such a size, as 
to admit, with ease, the largest class of government vessels 
belonging to the American Navy. The dock of Boston 
taeasnres 30G feet in length, and 86 feet in breadth, and has 
a depth of wiit^r of 30 feet. But, although the depth of 
Water ia the dock is 30 feet at high water of spring tides, 
llie fall of the tide is only 13 feet, which leaves 17 feet of 
water to be pumped out, by means of a steam-engine, every 
time a ves d is admitted for repair, an operation both tedious 
Md espensivc. The stone used in their construction is a 
pey-coloured granite from Quincy in Massachusetts, and, aa 
I^Uaisg 'rds workmanship and general execution, they are 
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length, and from fifty to sixty feet in breadth, The vessels 
frequenting the harbour are moored in the baya formed be- 
tween these projecting jetties, where they lie closely penned 
together, waiting their turn to get a berth alongside the 
wharfs. 

The wood-work in the quays and jetties is of a very longh 
description. The timbers employed in their construction are 
seldom squared, and never, in any case, protected by paint 
or coal-tai from the destroying effects of ^he atmoaphere. 
Wood is so plentiful in America, that to repair, or even to 
conatruct works in which timber is the only material em- 
ployed, is generally regarded as a very light matter. 

The fixed crane for raising great weighta, which ia so 
generally used in the quays of Europe, is not employed in 
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New York, nor, in fact, in any of the American ports. There, 
veraels discharge and take in cargo with a purchase hung 
from the yard-arm. Tackling, attached to moveable sheer- 
poles or derricks, is also pretty much used in some of the 
portB ; but this apparatus proves a very poor substitute for 
fixed quay-cranes, which are certainly of great convenience 
and utility in a shipping-port. 

The want of proper accommodation for vessels requiring re- 
pair is much felt by the shipping frequenting the American 
ports. The construction of an effective graving dock, is, un- 
der any circumstances, an operation of considerable expense ; 
but, in situations where the rise of tide is small, the difticul- 
tieB encountered in its construction, and the inconvenience 
and expense attending the use of it when completed, prove 
a great bar to the introduction of this useful appendage to a 
dock-yard. It is, in a great measure, owing to these circum- 
ftaaces that graving docks, for the repair of trading vessels, 
are not used in the American ports ; in the most important 
of which, the perpendicular rise of tide is so small, as to 
lenen, in a great degree, the advantages which, under more 
fimmrable circumstances, would be derived from their intro- 
dnotion. 

The only graving docks existing in North America, at the 
• time of my visit, were those which have been erected for the 
VB of the Navy by the Government of the United States, in 
fte navy-yards of Boston in Massachusetts, and Norfolk in 
Tixginia. These docks have been formed of such a size, as 
to admit, with ease, the largest class of government vessels 
Monging to the American Navy. The dock of Boston 
■eiBiiTes 306 feet in length, and 86 feet in breadth, and has 
i depth of water of 30 feet. But, although the depth of 
Vlter in the dock is 30 feet at high water of spring tides, 
'Ab fall of the tide is only 13 feet, which leaves 17 feet of 
to be pumped out, by means of a steam-engine, every 
a Tes 1 is admitted for repair, an operation both tedious 
ezpei re. The stone used in their construction is a 
lied granite from Quincy in Massachusetts, and, as 
Z0gsurds workmanship and general execution, they are 
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inferior to no marine works which I have ever seen. These 
graving docks are believed to have cost about L. 152,000 each. 
They are the finest specimens of masonry which I met with 
in America, and are equally creditable to the government of 
the United States, and to Mr Baldwin, the engineer under 
whose direction they were constructed.* 

In the American harbours, the method of careening or 
laying vessels on their sides to get at their lower timbers, is 
still often resorted to. I, however, met with three different 
mechanical arrangements for raising vessels from the water, 
when decay or damage renders this operation necessary. In 
one of these arrangements, the requisite object is attained by 
the use of an inclined plane (on the well-known principle of 
Morton's patent slip, but of a very rude description), on which 
vessels are drawn ashore by means of a system of wheel- work 
driven by a steam-engine. 

The second method, which savours more of originality, is 
called the Screw-dock, the operation of which I witnessed 
on one occasion in the harbour of New York. The vessel 
to be raised by this apparatus was floated over a platform of 
wood, sunk to the depth of about ten feet below the surface 
of the water, and suspended from a strongly built wooden 
frame-work by sixteen iron screws four and a half inches in 
diameter. This platform has several shores on its surface, 
which were brought to bear equally on the vessel's bottom, 
to prevent her from hanting over on being raised out of the 
water. About thirty men were employed in working this 
apparatus, who, by the combined action of the lever, wheel 

* A large graving dock has also been constructed in the Navy-yard at New 
York. It measures 350 feet in length within the caisson-groove, and the 
main chamber is 98 feet in breadth at the top. The width of entrance is 68 
feet, and the depth of water 26 feet. It was commenced in 1841, and com- 
pleted in 1851. Great difficulty was experienced in its execution, occasioned 
mainly by the softness of the foundations — upwards of 8000 piles, varying 
from 25 to 40 feet in length, having been employed in the work, which is 
stated to have cost the very large sum of L.400,000. It is built of granite, 
and is furnished with iron gates, and an iron cassion or floating gate. An 
interesting account of the different docks in the Navy-yards of the United 
States will be found in Stuart*s Nowcd Dry-docka of tht Vniud Stat6$. C. 
KortoD, New York, and J. Weale, London, 1852. 
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and pinion, and screw, succeeded, in the course of half an 
hour, in raising the platform, loaded with a vessel of 200 
tons burden, to the surface of the water, wliere she remained 
high and dry, suspended between the wooden frames. At 
Baltimore, I saw a large screw-dock, constructed on the same 
principles, on which the platform for supporting the vessel 
was suspended by forty screws of about five inches in diameter. 
The third of those methods to which I have alluded, is an 
apparatus called the Hydraulic-dock, a beautiful application 
of the principle of Bramah's press, to raise vessels of 800 
tons burden. In this apparatus, as in the screw-dock, the 
vessel is raised on a platform ^^ng between two frames. 
In the hydraulic-dock, however, the platform is suspended 
by forty chains, twenty on each side, which pass over cast- 
iron pullies, supported on the top of the wooden frame-work. 
The lower ends of the chains are fixed to the platform, and 
the upper ends to a horizontal beam of wood, which is attached 
by means of a crosshead to the ram of a hydraulic engine. 
When the ram, therefore, which is placed in a horizontal 
position, is moved, by the injection of water into tlio cast- 
iion cylinder in which it works, the motion is communicated 
to the horizontal beam, and thence, by the suspending chains, 
to the platform bearing the vessel, which is thus slowly raised 
to the surface. 

Plate I. is a sketch illustrative of the principles on which 
this apparatus is constructed. Fig. 1 is a longitudinal view, 
and Fig. 2 an end view, of the platform and vessel. In both 
of these views, a represents the platform ; h, the suspending 
chains ; c, the pullies on which they run ; c?, the horizontal 

■. Imam to which the chains are attached ; e, the hydraulic 
engine ; and /, the injection-pipe by which the water is 
fenced into the ram Z. 

The cylinder and ram of the particular apparatus, which I 
mWf were made in England, at the works of Messrs Bolton 
wd "Watt. • The fixtures of the cylinder are embedded in a 

|- kige mas )f masonry, so as to render it quite immoveable. 

t ^!he perfe stability of this part of the apparatus is obviously 

I fit the highest importance, as the safety of the suspended 
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vessel depends in a great measure on this being secured. 
The external diameter of the water-cylinder is twenty-eight 
inches, and its internal diameter is twelve inches. The 
ram which works in it is eleven inches in diameter and ten 
feet in length. There are several racks attached to the ap- 
paratus, for supporting the platform, and taking part of tha 
weight off the ram after the vessel is suspended. When she 
is ready to be lowered, these racks are unshipped, and the 
water being permitted to escape through a small aperture 
provided in the cylinder for that purpose, the vessel slowly 
descends into the water. The water is injected into the 
cylinder by a high-pressure steam-engine, of six horses' 
power, and the attendance of four persons is all that is ne- 
cessary to raise a vessel of 800 tons register. The perpen- 
dicular lift of these docks is ten feet, which is found to be 
Bufi&cient : the rise of tide in New York harbour being only 
five feet at spring tides, renders a greater height unnecessary. 
The Screw and Hydraulic docks belong to a party of pri- 
vate individuals, called the " New York Screw-Dock Com- 
pany," who derive a considerable revenue from raising ves- 
sels by their ingenious apparatus. The following are their 
terms : — 

For yessels under 75 tons, £3 per day. 

Single-decked vessels of 75 tons and upwards, lOd. per ton per day. 
Double-decked yessels of 75 tons and upwards, Is. 0|d. per ton per daj. 

After the first day the charge is 

For vessels under 170 tons, £3 per day. 

For all vessels of 170 tons and upwards, 4}d. per ton per day. 

Cargo or ballast is charged at the rate of Is. 0^. per ton.* 

The wharfs in the harbour of New York, are in general 
the property of private individuals, possessing the land on 
the margin of the river. Some of them also belong to the 

* Since 1837 another device has been introduced at New York, for the re- 
pair of vessels, called the Patent Sectional Dock. It is described in detail 
by Mr Hyde Clarke, C.E., in Weale's engineering papers, . It consists 
of a series of caissons connected with a platform which is introduced below 
the vessel, and the water being pumped from these caissons by means of two 
■team-engines, the vessel is raised by their floatation. This apparatus oaa 
N« towed to any place where it if deiired to apply it. 
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Corporation'of New York. The wharfage dues are collected 
by the owners of the respective quays, and vary in their rates 
according to the local advantages which the sites possess, and 
the pleasure of the persons to whom they belong. 

Vessels have, occasionally, been damaged while lying at 
the quays of New York, by the vast masses of floating ice 
which, upon the breaking up of the frost, are brought down 
from the interior of the country by the waters of the Hudson. 
For the protection of shipping against the recurrence of such 
accidents, which, however, are liable to affect only the vessels 
lying on the western side of the town, the erection of a break- 
water in the river above New York harbour, has been for some 
tiine contemplated. 

The trade of this great port is generally more or less in- 
terrupted by ice for about a month every winter, and the River 
Hndson at New York has, once or twice, been covered by a 
coating of ice so thick as to afford a safe road for carriages. 
This, however, happens very rarely ; but such is the severity 
of the New York winter, that the omnibuses, and other 
wheel-carriages employed in running in the city, are always 
laid up for the space of five or six weeks during the depth of 
winter, and their places supplied by sledges which run on 
the hardened snow. 

The large suburb called Brooklyn occupies the shore of 
Long Island, directly opposite to New York. It is separated 
from the town by Long Island Sound, which at this point is 
abont one-third of a mile in breadth, and forms part of the 
harbour of New York. One of the United States' Navy-yards 
has been established at Brooklyn, which is also in other re- 
spects a place of considerable trade and importance. A con- 
fltant communication is kept up between it and New York, 
by means of numerous steamboats, which cross every five 
minutes, adding 'greatly to the bustle and confusion of this 
bnay and crowded part of the harbour. 

The stoppage and inconvenience which a bridge across the 
BOnz^ in this situation would occasion to the shipping, has 
ptevented its erection, but the spirited inhabitants have had 
dengna under their consideration for connecting the opposite 
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shores by means of such a work, and also by the formation 
of a tunnel passing under the bed of the river, similar to that 
under the Thames at London. The steam ferry-boats, how- 
ever, are so well managed, that the want of a more constant 
means of communication is not much felt. They are twin 
boats with the paddle-wheel placed in the centre, and in 
their general construction resemble those at one time used 
on the ferries of the Tay at Dundee, and the Mersey at 
Liverpool. 

The landing slips between which they ply are very con- 
venient and suitable for situations where the rise of tide is 
not great. The slip consists of a large platform of wood, the 
landward extremity of which is attached to the edge of the 
quay by moveable hinge-joints, admitting of its free motion. 
The seaward extremity of this platform rests on a floating 
tank, and has the same elevation above the surface of the 
water as the deck of the ferry-boat. The outer extremity of 
the platform which rests on the floating tank, is thus ele- 
vated or depressed with the rise and fall of the tide, but 
always remains on a level with the steamboat's deck, and 
affords during high-water a level road, and during low-water 
an inclined plane, for the passage of carriages and passengers 
between the vessel and the land.* 

Before quitting the subject of Harbours, I shall make a 
few general remarks on some of the other American ports of 
consequence. 

Boston, in Massachusetts, is generally supposed to. rank 
next in importance to New York and New Orleans. The 
town is situated at the head of Massachusetts Bay, which 
extends over about fifty miles of coast between Cape Ann 
and Cape Cod, and contains within its limits many excellent 
anchorages. Boston Bay, in which the harbour has been 
formed, is a sheltered inlet of about seventy-five square 
miles in extent, enclosed by two necks of land, which so 



* This arrangement has, since the date of my yisit to America, been carried 
ont on a large scale by Sir William Cubitt, in the steamboat landing-stages 
oonstmcted by him on the Mersey at LiverpooL 
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nearly approach each other as to leave only a very narrow 
entrance communicating directly with the Atlantic. The 
exports from Boston are of a varied nature, consisting chiefly 
of the produce and manufactures of that part of the United 
States called New England. The population of the town is 
ahout 93,000. Its situation is curious. Placed on a penin- 
sula having deep water close in-shore, and almost entirely sur- 
rounding it, it is connected with the adjoining country by 
means of a dam and seven wooden bridges, of which the 
most extensive is about a mile and a half in length. The 
dam consists of an embankment of earth 8000 feet in length, 
enclosed between two stone retaining-walls. It serves the 
double purpose of affording a means of communication, and 
of forming a large basin, in which the tide-water being col- 
lected, a water-power is created for driving machinery. 

The quays at Boston are constructed in the same style, and 
of the same materials, as those of New York, but more atten- 
tion has been paid by the builders to the durability of the 
work. Some of the wharfs extend about a quarter of a mile 
into the harbour, and are of sufficient breadth to have a row 
of warehouses built on them. The rise of tide in Boston 
harbour is thirteen feet in spring, and nine feet in neap, tides. 
In the suburb called Charlestown, which is connected with 
Boston by means of three wooden bridges, is situate the 
Navy-yard of the United States, and the graving-dock al- 
ready noticed. 

Philadelphia is a town of about 400,000 inhabitants, and 
stands on a peninsula between the rivers Delaware and Schuyl- 
kill, in the state of Pennsylvania. Its harbour is at the head 
of the ship navigation of Delaware Bay, a vast arm of the sea, 
which is navigable for vessels of the largest class as far as 
Philadelphia, a distance of about a hundred miles from tlie 
Atlantic Ocean. In the Bay of Delaware the tide has gene- 
rally a rise of only three feet, but it is sometimes much in- 
creaBed by the state of the winds — ^the highest known tide 
being 9 feet.* 

• la 1829 a oommission, composed of Commodore Rogers, United States 
Navy, Brigadier-Goneral Bernard, United States Engineers, and William 
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The town of Baltimore contains a population of about 
LOOjOOO inhabitants, and lies on the north side of the Eiver 
Patapsco, about fourteen miles from its mouth. The basin 
orming the harbour is a splendid sheet of water, in which it 
s said 2000 vessels could ride at anchor with ease. 

Chesapeake Bay, which receives the Eiver Patapsco, on 
vhich Baltimore stands, is navigable for 200 miles from the 
)cean, and forms an outlet for the trade of the ports of Balti- 
nore, Annapolis, Washington, Fredericksburgh, Richmond, 
ind Norfolk, and receives the waters of the Susquehanna, Pat- 
apsco, Potomac, and James rivers. The rise of tide at Bal- 

, timore is about five feet, but is much influenced by the state 

\ of the wind, which has a great effect upon the waters of 

; Chesapeake Bay. 

I Charleston, in North Carolina, is a port of considerable size, 
built on a tongue of land formed by the Rivers Ashley and 
Cooper. There is a bar at the entrance of the harbour, with 

only twelve feet of water on it at low tides, but within the 

! bar there is a good anchorage. The rise of tide in this har- 

; bour is about six feet. 

; As I was unable to visit New Orleans, I cannot speak of 
it from personal knowledge ; but as it is by far the most 
important place in the Southern States, I felt unwilling to 

Strickland, Esq., architect, after fully considering the works at Plymouth and 
. Cherbourg, reported to Congress in favour of the construction of a break- 
-water in Delaware Bay at Cape Henlopen. The report states that the objects 
to be gained by the proposed breakwater are, to shelter yessels from the action 
of the waves caused by the winds blowing from east to north-west round by 
' north, and also to protect them from injuries arising from floating ice de- 
' soending from the north-west. That the harbour will seldom be used by 
': Tessels descending the river and bound to sea, its chief purpose being, to 
J provide a safe refuge for vessels from sea designing to ascend the river. 
Twelve hundred yards was estimated as the length of that portion of it which 
. -was destined for a breakwater, and 500 yards for the part designed more 
particularly to act as an ice-breaker, making the whole length of the two 
1700 yards. In 1837, when I visited the country, I could not learn that any- 
thing had been accomplished to justify the hope of the work being carried to 
a successful issue. I am happy to observe that in 1840 Mr Strickland writes, 
** that the work may be considered now so far finished as to have accomplished 
materially the purposes for which it was projected.*' {PubUe Workt m th4 
VniudSuues, London : John Weale. 1841.) 
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omit all mention of it in this sketch, and therefore applied 
to my friend Captain Basil Hall, now, alas, no more, who 
kindly sent me the following notice on the subject : — 

" You are quite right," says Captain Hall, " to include 
New Orleans in your list of American harbours ; for, though 
it is not strictly a seaport, it answers all the purposes of one 
in a remarkable degree. New Orleans lies at the distance of 
about a hundred miles from the Gulf of Mexico, and the ebb 
and flow of the tide do not reach so high as the city. The 
level of the river is, however, subject to fluctuations, in con- 
sequence of the changes in the supply of water from the 
upper countries through which it flows. It rises from 
January to May, remains full all June and a part of July, 
after which it begins to fall, and goes on decreasing in 
height till September and October, when it is lowest. The 
perpendicular difference in height of the surface of the Mis- 
sissippi at New Orleans, is about thirteen or fourteen feet, 
and when at its lowest, it is nearly on a level with the sea 
at the mouth of the river, so that the flow is then scarcely 
perceptible. 

"In former times, before steam-navigation was known, 
there was great delay, and considerable difficulty as well as 
danger, in getting from the sea to New Orleans, in conse- 
qnence of the opposing stream, the numerous shoals, and the 
very tortuous nature of the course, which rendered it scarcely 
possible to sail up all the way with the same wind. To these 
annoyances may be added the very bad nature of the anchor- 
ing ground everywhere, and the difficulty as well as risk of 
lashing large vessels to the banks of such a river. All these 
things rendered New Orleans a harbour highly objectionable 
in a nautical point of view. 

^* Now, however, that steam has got command of * time 
and space,' New Orleans may be considered an excellent 
■ea^port, safe, and as easy of access as of egress. I need not 
mention that there are at all times any number of steam-tugs 
zeady to take ships down the river, or to bring them up. 
When I was there in April 1827, eleven years ago, several 
fteemhoats left the city every evening about sunset, each 
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having in tow one or more vessels astern, besides one, two^ 
or three lashed on each side, so that the boat was often quite 
hid by the cluster round her. In this way they proceeded 
down, and at daylight came to the bar which lies across the 
mouth of the river opening into the Grulf of Mexico. On 
reaching the sea, or rather before they reached it, the steam- 
boats cast off their companions, and left them to be taken in 
charge by their respective pilots, unless in cases of calm or 
contrary wind, when, of course, they got a tow into the offing. 

" The most important service of these steamboats, however, 
is to tow ships up the river ; for, although it is always trouble- 
some, and often very dangerous, to drop down with the current 
from New Orleans to the sea, it can be and is done, even with- 
out the help of steam. But to make way upwardl3 against 
the Mississippi is a most heart-breaking work without such 
aid, and now-a-days the attempt would be considered absurd. 
Accordingly, the steam-vessels which have carried down the 
ships during the night, and have launched them in safety 
over the bar into the salt sea, look about them for others, 
which having made the land, are ready to enter the river. 
These they seize upon, and either take in tow, or lash along- 
side of them, and tow up to New Orleans. Of course they 
cannot, as in the downward case, carry along with them such 
a cluster as they brought down, nor is it likely that they will 
often be called upon to exert their strength so far, for the 
ships arrive off the entrance of the river by one or two at a 
time, and are not prepared, as within the port, to start in 
bodies at a given time. 

" In this way, it may be fairly stated, that New Orleans, 
though a hundred miles from the sea, is virtually one of the 
best and most accessible ports in the Union. It may be 
added, that, as all the ships lie alongside of the levee or em- 
bankment which separates the river from the city, and which 
serves the purpose of a perfectly commodious wharf, and as 
the water is always smooth, nothing can be more easy and 
secure than the communication, both for loading and unload- 
ing goods. The ships lie alongside of each other, in tiers, and 
I have seldom seen, in any country, such a forest of masts. 
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"Abreast of the upper part of the city may be seen, in like 
manner, numerous tiers of steamboats of gigantic dimensions, 
just arrived from, or preparing to start for, the upper countries, 
through which the Mississippi and its innumerable tributaries 
pass. And farther up in this most extraordinary of harbours, 
lie crowds of huge rafts, or arks, as they are called, — rude 
vessels without masts, which have dropped down the river, 
and are loaded with that portion of the produce of the in- 
terior which will not bear the expense of steam carriage. 

" At every hour, — ^I had almost said at every minute, — of 
the day, the magnificent steamboats wliich convey passengers 
firom New Orleans into the heart of the western country, fire 
off their signal guns, and dash away at a rate which makes 
me giddy even to think of. 

^ I must now conclude this brief notice by regretting, that 
the limitation in your time did not allow you to visit, and to 
describe in detail, this most remarkable of all the wonderful 
commercial phenomena, — as it may be called, — which the 
great western confederacy of states presents to the traveller, 
namely, a mighty city built in the midst of one of the most 
unhealthy swamps on earth, and a port, 100 miles from the 
lea, which rivals, in all essential respects, that of New York or 
London ; possessing, moroever, an uninterrupted and ready 
communication with the interior parts of a vast continent, to 
the distance of thousands upon thousands of miles, every- 
where rife with civilization, though, but a few years ago, the 
whole was one vast wilderness, the exclusive abode either of 
alligators, wild beasts, or savages !" 

These are the most considerable ports in the United States ; 
Imt, in addition, it may not be amiss to notice shortly the fol- 
lowing bays and sounds, which deserve attention, as many of 
them afford good anchorage and sheltered lines of navigation. 

Passamaquoddy Bay is situate at the boundary between 
the British dominions and the United States. It receives 
the waters of the Eiver St Croix, the boundary line between 
the two countries. The tide in it rises twenty-five feet. 

Penobscot Bay, into which the River Penobscot flows, has 
of tide of ten feet. 
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Narragansett Bay is navigable for vessels drawing sixteen 
feet of water to the town of Providence, which is about thirty- 
five miles from the sea. The town of Newport in this bay, 
though a place of little importance, has one of the finest 
natural harbours in America. 

Long Island Sound lies between the mainland and Long 
Island, and extends in a north-easterly direction from New 
York harbour. It affords a sheltered line of navigation of 
about 120 miles in extent. 

Albemarle and Pamlico Sounds, in North Carolina, are 
more remarkable for their curious geological formation than 
for any advantages held out by them for navigation, for which 
the difficulties of their entrance, and shallow water, wholly 
unfit them. The narrow strips of land, by which these Sounds 
are separated from the Atlantic Ocean, stretch along the coast 
for a distance of about 200 miles, and extend about 40 miles 
south of Pamlico Sound. 

Chatham, Appalachee, and Mobile Bays, in the Gulf of 
Mexico, are not reported as possessing, in any extraordinary 
degree, the qualifications of good havens, and, as already 
noticed, there is very little rise of tide on this coast. It 
may also be mentioned, that the hot and unhealthful climate 
of all the southern ports of the United States, from Charleston 
to New Orleans inclusive, as well as the nature of the slave 
population of the southern states, renders them very unsuit- 
able for the growth of that hardy race of seamen, of which 
the northern ports of the country are the true and only 
nurseries. 

The naval-yards belonging to the Grovemment of the 
United States are established at Boston, Portsmouth in 
New Hampshire, New York, Philadelphia, Washington, 
Norfolk in Virginia, and Pensacola in the Gulf of Mexico ; 
and those of them which I had an opportunity of visiting 
seemed to be very well regulated. Considering the natural 
advantages held out by that country, and the abundance of 
fine timber produced in it, it is not surprising that the 
Americans have bestowed so much attention upon naval 
affairs, or that their efforts should have been crowned by so 
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great success in the improvement both of inland and mari- 
time navigation. The genius of the people for naval affairs 
is doubtless the birthright of their British origin, and their 
patrimony has been improved by the energy which charac- 
terises all their efforts. 

Quebec is the seat of government of Lower Canada, and, 
in a commercial point of view, is the first port in the British 
dominions in America. It is situate at the junction of the 
Kiver St Charles with the St Lawrence ; and, though distant 
fully 700 miles from the Atlantic Ocean, the spacious and 
beautiful Bay of Quebec, formed by the junction of the two 
livers, affords a noble deep-water anchorage for vessels of all 
sizes, and almost in any numbers. 

The bay measures about three miles and three quarters in 
length, and two miles in breadth, and the water in some parts 
of it is twenty-eight fathoms in depth. The population of 
the town is about 40,000, and its trade consists in the export 
of wood, potash, and furs, the produce of Upper and Lower 
Canada. The rise of tide at Quebec is twenty-three feet in 
Bpring-tides, and the quays and wharfs there, as well as in 
the harbours of the United States, are constructed entirely 
of wood. 

The ferry-boats at Quebec, plying between the opposite 
tides of the river, which is about a quarter of a mile in 
breadth, are propelled by horses and oxen. These animals 
are secured in small houses on the decks of the vessels ; and 
the effort they make in the act of walking on a circular plat- 
form, fixed on the circumference of a large horizontal wheel, 
produces a power which is applied to drive the paddle-wheels 
of the ferry-boat, in the same manner as the motion of the 
wheel in the tread-mill is applied to the performance of dif- 
ferent descriptions of work. I have seen horse ferry-boats 
in Holland, and, I believe, they have also been used in 
America, in which the power was more advantageously ap- 
plied by means of an apparatus like the gin of a thrashing- 
milli in which case the horses are not stationary, but are 
made to walk in a circle, and the motion communicated by 
fhem to. an upright shaft, is conveyed, by means of wheel- 
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mestic economy of the country are considerations far more 
important and striking. Witb the aid of some short lines 
of canal, formcil to overcome the natural obstacSes presented 
to navigation by the Falls of Niagara and the Rapids of the 
St Lawrence, these great lakes are converted into a continu- 
ous line of water-communication, penetrating upwards J 
2000 mitea into the remote regions of North America, i 
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work, to the paddle-wheels of the vessel. A boat of this 
kind was used for some time in England, between Norwich 
and Yarmouth. 

Montreal, which is 180 miles to the westward of Quebec, 
and 880 miles from the ocean, is a town of about 60,000 in- 
habitants, at the head of the ship na,vigation of the St Law- 
rence, and considerably above the influence of the tide. The 
town is built on the island whose name it bears, which is 
situate at the junction of the Ottowa or G-rand Kiver with 
the St Lawrence. The quays and landing-slips at Montreal 
are built of stone ; and in this respect it differs from the other 
American ports which I have noticed. The material used in 
their construction is a blue limestone, which is very abundant 
throughout the greater part of Canada, and is much used in 
all building operations in that country. The trade of Mon- 
treal is of the same description as that of Quebec, though 
not so extensive. 

Halifax harbour is considered one of the finest in the 
world, and is calculated to afford anchorage for upwards of a 
thousand vessels of the largest class. It is a place of very 
considerable importance ; for through it comes much of the 
trade of Nova Scotia ; and it is the British post-packet sta- 
tion for Canada. 

Such is a brief sketch of the construction and capabilities 
of some of the principal harbours of America, in the forma- 
tion of which nature has done so much, that little has been 
left for the labour of man, and works of an extensive and 
massive description, and operations such as are found to be 
indispensable in rendering European harbours accessible or 
commodious, have there been found to be unnecessary. By 
erections of a temporary description, constructed of the wood 
produced in the operation of clearing their lands, the inhabi- 
tants have been enabled, along the whole line of coast, to 
afford, at a very small cost, accommodation for an extent 
and class of shipping, to obtain which, in any other quarter 
of the globe, would have involved an enormous investment 
of capital, and a much greater consumption of time. 
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CHAPTEE II. 

LAKE NAVIGATION. 

Great Western Lakes — Ontario— Erie — Huron — Michigan — Superior — "Wel- 
land Canal — ^Lake Harbours — Construction of Hers, Breakwaters, &e. 
— Buffalo— Erie — Osweg>— Toronto— Kingston — Vessels employed in 
Lake Navigation — Violent Effects of Storms on the Lakes — Igc on the 
Lakes — Effects of Ice on the Climate — Lake Champlain. 

I 

The great chain of inland lakes, whose vast expanse might 
justly entitle them to the name of seas, are the largest bodies 
^ fresh water in the known world, and constitute an impor- 
tant feature in the physical geography of North America. 
When viewed in connection with the Kiver and Gulf of St 
Iiawrence, by which their surplus waters arc discharged into 
the Atlantic Ocean, ideas of magnitude and wonder are ex- 
cited in the mind which it is impossible to describe. But 
the effects which they produce on the commercial and do- 
mestic economy of the country are considerations far more 
important and striking. With the aid of some short lines 
of canal, formed to overcome the natural obstacles presented 
to navigation by the Falls of Niagara and the Kapids of the 
fit Lawrence, these great lakes are converted into a continu- 
ous line of water-communication, penetrating upwards of 
flOOO miles into the remote regions of North America, and 
affording an outlet for the produce of a largo portion of that 
oontinent, which, but for these valuable provisions of nature, 
must, in all probability, have remained for ever inaccessible. 
The great western lakes of America are five in number : — 
Ontario, Erie, Huron, Michigan, and Superior. The extent 
of these lakes has been variously stated, and the several ac- 
ooontB which have been given of them, differ very consider- 
Mji but the dimensions which I shall quote are taken 
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partly from the work of Mr Bouchette, the Surveyor-General 
of Canada, and partly from the charts constructed by Cap- 
tain Bayfield of the Koyal Navy. 

Lake Ontario, the most eastern of the chain, lies nearest 
to the Atlantic. The Kiver St Lawrence, which has a course 
of about a thousand miles before reaching the ocean, is its 
outlet, and flows from its eastern extremity. This lake iB 
1 72 statute miles in length, 59 J miles in extreme breadth, 
and about 483 miles in circumference. It is navigable 
throughout its whole extent for vessels of the largest size. 
Its surface is elevated 220 feet above the medium level of 
the sea ; and it is said to be, in some places, upwards of 600 
feet in depth. The trade of Lake Ontario, from the great 
extent of inhabited country surrounding it, is very con- 
siderable. Many sailing vessels and splendid steamers are 
employed on its waters. Owing to its great depth, it never 
freezes, except at the sides, where the water is shallow ; so 
that its navigation is not so effectually interrupted as that of 
the comparatively shallow Lake Erie. 

The most important places on the Canadian or British side 
of Lake Ontario, are the city of Toronto, which is the capi- 
tal of Upper Canada, and the towns of Kingston and Niagara, 
and, on the American shore, the towns of Oswego, Genesee, 
and Sackett's Harbour. Lake Ontario hfiis a direct commu- 
nication with the Atlantic Ocean, in a northerly direction by 
the St Lawrence, and in a southerly direction by the Biver 
Hudson and the Erie Canal, with which it is connected by a 
branch canal, leading from Oswego to a small town on the 
line of the Erie Canal, called Syracuse. 

Lake Erie is about 265 miles in length, from thirty to 
sixty miles in breadth, and about 529 miles in circumference. 
The greatest depth which has been obtained in sounding thia 
lake is 270 feet, and its surface is elevated 565 feet above the 
level of the Hudson at Albany. Its bottom is composed 
chiefly of rock. Lake Erie is said to be the only one of the 
chain in which there is any perceptible current, a circum- 
stance which may, perhaps, be occasioned by its smaller depth 
of water. This current, which runs always in the same di* 
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rection, and the prevailing westerly winds, are rather 
against its navigation. The shallowness of the water also, 
which varies from 100 to 270 feet in depth, renders it 
more easily and more permanently affected by frost — its 
navigation being generally obstructed by ice for some weeks 
every spring, after that of all the other lakes is open and 
unimpeded. 

The principle towns on Lake Erie are Buffalo, Dunkirk, 
Ashtabula, Erie, Cleveland, Sandusky, Portland, and Detroit. 
Between forty and fifty splendid steamboats, and many sail- 
ing vessels, were in 1857 employed in its trade, wliich was 
even then very extensive ; and several harbours with stone- 
piers have been erected on its shores for their accommoda- 
tion. 

The surface of Lake Erie is elevated 322 feet above Lake 
Ontario, into which its water is discharged by the River Ni- 
agara. In the course of this river, which is only thirty-seven 
miles in length, the accumulated surplus waters of the four 
npper lakes descend over a perpendicular precipice of 152 
feet in height, and form the far-famed " Falls of Niagara." 
These falls, with the rapids which extend for some distance 
both above and below them, render seven miles of the river's 
oonrae unfit for navigation. The unfavourable nature of the 
bed of the River Niagara, — the connecting link between 
Lakes Erie and Ontario, — for the purposes of navigation, in- 
duced a company of private individuals, assisted by the 
British Government, to construct the Welland Canal, by 
which a free passage from the one lake to the other is 
ttffozded for vessels of 125 tons burden. 

This undertaking was commenced in the year 1824, and 
completed in 1829, five years having been occupied in its 
execution. The expense of the works connected with it is 
Mad to have been about L. 270,000. 

The canal extends from Port Maitland on Lake Erie to a 
jlaoe called Twelve-Mile Creek on Lake Ontario. Its length 
Ml about forty-two miles; its breadth at the surface of the 
vater ib fifty-six feet, and at the bottom twenty-six feet, and 
•flw dnpth of water is eight feet six inches. The whole per- 
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pendicular rise and fall from the surface of Lake Ontario to 
the summit level, and thence to Lake Erie, is 334 feet, which 
is overcome by means of thirty-seven locks of varions lifts, 
measuring one hundred feet in length and twenty-two feet 
in breadth, most of which are formed of wood. The most 
considerable work occurring on the Welland Canal is an ex- 
tensive excavation of forty-five feet in depth, from which 
1,477,700 cubic yards of earth, and 1,890,000 cubic yards of 
rock, are said to have been removed. 

Lake Erie is connected by the Erie Canal with the Biver 
Hudson and the Atlantic Ocean, and again by the Ohio 
Canal with the Eiver Ohio and the G-ulf of Mexico. The 
Erie Canal is 363, and t]ie Ohio Canal 334, miles in length. 
I shall advert more particularly, however, to the construction 
and details of the canal works in North America in another 
section. 

Lake Huron is about 240 miles in length, from 186 to 220 
miles in breadth, and 1000 miles in circumference. The 
outline of this lake is very irregular, and Mr Bonchette says 
of its shores, that they consist of " clay cliffs, rolled stones, 
abrupt rocks, and wooded steeps." Its connection with Lake 
Erie is formed by the Eiver St Clair, which conveys its water 
over a space of thirty-five miles into a small lake of the 
same name, of a circular form, and about thirty miles in dia- 
meter, from whence the Eiver Detroit, having a course of 
twenty-nine miles, flows into Lake Erie. The communica- 
tion between the two lakes is navigable for vessels of all 
sizes. 

Lake Michigan is connected with Lake Huron by the 
navigable strait Michillimackinac, in which is situate the 
island of Mackinaw, now the seat of a custom-house estab- 
lishment, and a place of considerable trade. Lake Michigan 
is about 300 miles in length, seventy-five miles in breadth, 
and 920 miles in circumference, having a superficies of 
16,200 square miles. It is navigated by many steamers 
throughout its whole extent. The principal towns on the 
lake, the southern shore of which has now become the seat 
of many prosperous settlements, are Michigan, Milwawkie, 
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and Chicago.* The Illinois Kiver takes its rise near the 
shores of Lake Michigan, and flows into the Mississippi ; 
and a canal, for the purpose of connecting their waters, is 
now in progress ; an improvement which, when completed, 
will form a second water-communication, extending from the 
&nlf of St Lawrence to the Gulf of Mexico, a distance of 
upwards of 3000 miles, — the other communication being that 
already alluded to between Lake Erie and the Ohio by a 
canal from Cleveland to Portsmouth. 

Lake Superior is connected with Lake Huron by the Kiver 
St Mary. This river, which is about forty miles in length, 
has a fall of twenty-three feet on the whole length of its 
coarse, and is navigable only for small boats. As yet the 
march of improvement has not penetrated to this remote 
region"; but ere long Lakes Superior and Huron, like Erie 
and Ontario, will probably be connected by a canal. Lake 
Saperior is about 360 miles in length, 140 miles in breadth, 
and 1116 miles in circumference ; the depth is in some places 
said to be 1200 feet, and its surface is 627 feet above the 
loTel of the sea. Its bottom consists of clay and small shells. 
This lake is the largest body of fresh water known to exist ; 
and although surrounded by a comparatively desert and un- 
cnltiyated country, at a distance of nearly 2000 miles from 
the ocean, and at an elevation of 627 feet above its surface, 
it is navigated by steamboats and sailing vessels of great 
burden, which are reported to be not inferior to the craft 
navigating the lower lakes. 

From what has been said regarding the great western lakes, 
it will easily be believed that, notwithstanding the secluded 
position which they occupy in the centre of North America, 
far removed from the ocean and from intercourse with the 
wvnld at large, their waters are no longer the undisturbed 
liannt of the eagle, nor their coasts the dwelling of the 
Lidian. Civilization and British habits have extended their 

* Okfaago, of which I speak farther in the chapter on Railways, has in- 
^piSiid wUh great rapidity. It is now the focus of a vast net-work of rail- 
in99t Its population being upwards of 80,000, and it claims the title of the 
SipMr YvA of the Western States. 
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influence even to that remote region, and their shores can 
now boast of numerous settlements, inhabited by a busy 
population, actively engaged in commercial pursuits. The 
white sails of fleets of vessels, and the smoking chimneys of 
numerous steamers, now thickly stud their wide expanse ; 
and beacon-lights, illuminating their rocky shores with their 
cheering rays, guide the benighted navigator on his course. 
Every idea connected with a fresh-water lake, must be laid 
aside in considering the different subjects connected with 
these vast inland sheets of water, which, in fact, in their 
general appearance, and in the characteristics of their navi- 
gation, bear a much closer resemblance to the ocean than 
the sheltered bays and sounds in which the harbours of the 
eastern coast of North America are situated, although these 
estuaries have a direct and short communication with the 
Atlantic Ocean. 

The whole line of coast formed by the margins of the 
several lakes above enumerated extends to upwards of 4000 
statute miles. There are several islands in Lake Superior, 
and also at the northern end of Lake Michigan, but the 
others are, generally speaking, free from obstructions. They 
have all, however, deep water throughout their whole extent, 
and present every facility for the purposes of navigation. 

It was not till the year 1818, that the navigation of the 
lakes had become so extensive, and assumed so important a 
character, as to render the erection of lighthouses necessary 
and expedient for insuring the safety of the numerous ship- 
ping employed on them. Since that period the number of 
lighthouses has been gradually increasing, and, on the Ame- 
rican side of the lakes they, at the time of my visit in 1837, 
amounted to about twenty-five in number, besides about thirty 
beacons and buoys, which have been found of the greatest 
service. 

About the same period at which the introduction of light- 
liouses was considered necessary, some attention was also 
bestowed on the subject of lake harbours. Many which for- 
merly existed were then improved and enlarged, and others 
were projected. I visited several of these ports on Lakes 
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Erie and Ontario, which have good sheltered anchorages, 
with a sufficient depth of water at their entrances for the 
class of vessels frequenting them. But good harbour accom- 
modation is by no means so easily obtained on the shores of 
the lakes, as, generally speaking, on the sea-coast of the 
United States. Most of the lake harbours are formed in ex- 
posed situations, and as regards the expense and durability 
of the several works executed in their formation, are much 
better calculated to resist the fury of the winds and waves 
than the wooden wharfs of the sea-ports on the eastern coast 
of the country of which I have given a description. In con- 
nection with what has already been said on the subject of 
the harbours of the American coast, I shall give a brief sketch 
of some of those which came immediately under my notice 
on the shores of the lakes. 

The town of Buffalo stands at the eastern corner of Lake 
Erie in the state of New York, and contains a population of 
about 30,000. As regards the number of its inhabitants and 
fihe extent of its commercial transactions, it is the most im- 
portant place on the lakes. From the month of June till 
the month of December inclusive, during which period the 
navigaLtion of the lakes is generally open and unimpeded by 
ice, I found in 1837 that between forty and fifty steamboats, 
▼aiying from 200 to 700 tons register, were constantly plying 
between Buffalo and the several ports on the shores of the 
-lakes. Some of these steamers made regular voyages once a 
month to Chicago in Lake Michigan, a distance of no less 
ihan 965 miles ; and one left the harbour of Buffalo twice 
every day, during summer, for Detriot, a distance of 325 
■mileB. The New York and Erie Canal, the earliest, and 
perhaps the most important public work executed in the 
United States, which enters the lakes at Buffalo, has a great 
effect in increasing its trade and importance. 

Buffalo is built at the mouth of a creek communicating 
iritli the lake, in which the harbour is formed. The wharfs 
JA the interior of the harbour are made of wood, but the 
aofering pier, and other works exposed to the wash of the 
likea, are built of stone, and cost about L.40,000. The 
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depth of water in the harbour is nine feet when the lake is 
in its lowest or summer-water state. The following diagram 
represents a cross section of the covering pier, which has 
been erected for the purpose of protecting the shipping and 
tranquillizing the water within the harbour during heavy 
gales. It measures 1452 feet in length, and its form and 
construction are so very substantial, that one may fancy him- 
self in some sea-port, forgetting altogether that he is on the 
margin of a fresh-water lake, at an elevation of more than 
300 feet above the level of the ocean. 




The top of the pier on which the roadway is formed measures 
eighteen feet in breadth, and is elevated about five feet above 
the level of the water in the harbour. On the side of the 
roadway which is exposed to the lake, a parapet- wall, five 
feet in height, extends along the whole length of the pier, 
from the top of which a talus wall, battering at the rate of 
one perpendicular to three horizontal, slopes towards the lake. 
This sloping wall is formed of a description of masonry, which 
is technically termed coursed pitching. Its foundations are 
secured by a double row of strong sheeting piles driven into 
the bed of the lake, and a mass of rubble pierres perdties, resting 
on the toe of the slope. The quay or inner side of the pier 
is perpendicular, and is sheathed with a row of sheeting piles, 
driven at intervals of about five feet apart from centre to 
centre, to prevent the wall from being damaged by vessels 
coming alongside of it. 

The entrance to the harbour is marked by a double light, 
3xhibited from two towers of good masonry built on the pier. 

The workmanship and materials employed in erecting 
many of the other lake harbours are of a much less sub- 
Btantial description than that adopted at Bufi*alo. The 
breakwater for the protection of Dunkirk Harbour on Lake 
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Erie, for example, was formed in a most ingenious manner, 
by sinking a strong wooden frame-work filled with stoncB. 
The frame or crib was erected during winter on the ice over 
the site which it w.bs intended to occupy. The ice was then 
broken, and the crib being filled with small stones, sunk to 
its resting-place in the bottom of the lake. 

Presqae-Isle Bay, in which the town of Erie stands, is 
formed by the peninsula of Presque-Isle on the shore of 
Lake Erie. This bay measures about one mile in breadth, 
and three miles in length, and affords a splendid anchorage 
for vessels of the largest size. It opens toward the nortb- 
ireet, and is sheltered from the waves of the -lakes by two 
oorerisg breakwaters, measuring respectively 3000 and 4000 
t in length, projecting from the shore, and leaving a space 
Q their outer extremities of 300 feet in breadth, for the 
iagreBB and egress of vessels. Some other works of consider- 
' Mb extent are contemplated, to render this harbour still more 
nfe and convenient. 

Oawego, situate at the mouth of the Seneca Eiver, on the 
. nothem shore of Lake Ontario, is a town of 12,000 inhabi- 
tenta, having a good harbour. It stands at the commencement 
of the branch canal, which connects the great New York and 
XtM Ganal with Lake Ontario, and is the seat of several 
■anafactorira and mills driven by the Seneca Biver, on 
vliich there are some very valuable falls. The pier, which 
hu-been built at this place for the protection of the harbour, 
N Mveiygood specimen of masonry, finished somewhat in 
Ih* same style as that at Bufi'alo, and cost about L.20,000. 
e depth of water in the harbour is twenty feet, and i£ has 
d harbour-light placed in a substantial tower of masonry 
tttiie extremity of the pier. 

f The works required in the construction of Buffalo, Erie, 

1 Oswego harbours were done at the expense, and under 

e direction, of the Goveinment of the United States, who 

we also executed harbour-works of great extent, varying 

to the nature of their situations, at the towns ot 

LChigan, Milwawkie, and Grreen Bay, in Lake 

Detroit, Sandusky, Ashtabula, Portland, and Dun- 
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kirk, on Lake Erie ; and at G-enesee and Sackett's Harbour 
on Lake Ontario. Sackett's Harbour is remarkable as having 
been the United States' Navy-yard during the war. 

The harbours on the Canadian or British shores of the 
lakes, are, as yet, not so numerous. The principal ones are 
those of Toronto, Port Dalhousie, Burlington, Hungry Bay, 
and Kingston, on Lake Ontario ; and Amherstburgh, and 
Put-in Bay on Lake Erie. 

Toronto, the capital of Upper Canada, lies in a bay which 
is nearly circular, and measures about a mile and a-half in 
diameter. It is sheltered from the lake by a projecting neck 
of land called Gribraltar Point, on which the harbour light is 
erected. This bay has a considerable depth of water, and 
affords an extensive and safe anchorage. Port Dalhousie is 
at the entrance of the Welland Canal, and has two piers, 
measuring respectively 200 and 250 feet in length, and also 
some pretty extensive works, connected with a hasin for re- 
ceiving timber. Kingston, situate at the eastern end of Lake 
Ontario, just at the point where the river St Lawrence flows 
out of the lakes, is the British Grovemment Naval Yard. 
Navy Bay, in which it stands, is a good anchorage for vessels 
drawing eighteen feet of water, but is exposed to south and 
south-west winds. The British Grovernment have also exe- 
cuted works in some of the other harbours on the Canadian 
side of the lakes. 

The tonnage of most of the craft employed in the lake 
navigation is regulated by the size of the canals which have 
been constructed for the purpose of connecting the lakes, and 
facilitating the navigation of the St Lawrence. The locks 
of these canals are formed of such dimensions as to admit 
vessels of 125 tons burden, and consequently the lake craft, 
with a few exceptions, do not exceed this size. The steam- 
boats, however, and all the vessels which are employed ex- 
clusively in the navigation of one lake, are never required 
to enter the canals, and many of these are of great size ; some 
of the new steamers, at the time I visited the country, being 
no less than 700 tons burden. The art of ship-building, 
which is practised to a considerable extent in almost every 
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port, derives a great stimuluB from the abundance of fine 
timber produced in the neighbourhood of the lakes ; and to 
BO great an extent haa it been carried on, that during the war 
a Teesel called the St Lawrence, of 102 guoB, was launched 
by the British at EingBton, and another by the Americans at 
Sackett's Harbour, which measured 210 feet in length on her 
lower gun -deck. 

The vessels used in the lake navigation, and more especi- 
ally the steam-boats, which I had frequent opportunities of 
examining, poBsess in a much greater degree the character 
of lea-boats than the same class of vessels employed in the 
sounds and baya on the shares of the Atlantic ; and the sub- 
Btantial masooiy of which the piers and breakwaters on the 
lakes are composed renders these works also, as before noticed, 
innch more capable of resisting the fury of the winds and 
mves than the wooden wharfs of the eastern coast of the 
eonntry. The strength and durability of material which both 
the piers and the vessels present are, at first sight, apt to 
^ipeai BUpeifluous in works connected with lake navigation. 

PI "was certainly impressed with this conviction when I first 
nw the stone-piers of Bufi'alo, which I have already described; 
and the sight of the steamer " James Madison," u strongly 
bnilt vessel of 700 tons burden, drawing about ten feet of 
water, wJiich plied between Buffalo on Lake Erie and Chi- 
cago on iake Michigan, was in no way calculated to lessen 
the impression which the harbour had left ; an impression 
which was heightened by the circumstance of my having a 
short time before examined the harbours on the eastern coast, 
and fieen many of the slender fabrics, drawing from three to 
five feet of water, which navigate the bays and sounds in that 
port of the country. But, on inquiring more particularly into 
■ this subject, I was informed that these lakes ate often visited 
by severe gales of wind, which greatly disturb the surface of 
their waters, and^give rise to phenomena which one hardly 
expect« tu find in a fresh-water lake. Id the opinion of many 
of the c itains of the steamers with whom I conversed on 
tliia Bubji ; tiie undulations created during some of thesp 
' MB formidable enemies to navigation than th> 
b2 
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waves of the ocean, so that great strength in the hydraulic 
works and naval architecture of the lakes is absolutely neces- 
sary to insure their stability. I had no opportunity, while 
in America, of witnessing the effects produced on the lakes 
by a gale of wind ; but in many situation** where their shores 
were exposed to a large expanse of wat^^", and consequently 
with an in-shore wind, to the action of waves having a long 
fetch and ample scope to develop themselves, I found many 
interesting indications of their occasional violence when 
under the action of a hurricane. In the harbour of Buffalo, 
for example, which is situated in the north-east comer of 
Lake Erie, and has an unobstructed expanse of water extend- 
ing before it for a distance of about 180 miles, the effects of 
the waves are very remarkable. The pier at this place, as 
already noticed, is built of blue limestone. The materials 
are small, and no mortar is used in its construction ; but the 
stones are hammer-dressed, well jointed, and carefully as- 
sembled in the walls ; and the structure, as before remarked, 
both as regards the materials of which it is built, and its 
general design, is calculated to stand a good deal of fatigue. 
On examining this pier, however, I was a good deal surprised 
to find that it was in some places very much shaken, and, 
more particularly, that several stones in different parts of the 
work had actually been raised from their beds ; and I was 
told that this pier, as well as most of the harbours on the 
lakes, has annually to undergo some repair of damage occa- 
sioned by the violence of the waves. I measured several of 
the stones which had been moved, and one of the largest of 
them, weighing upwards of half a ton, had been completely 
turned over, and lay with its bed or lower side uppermost. 

I met with another striking example of the violence of the 

lake-waves on the road leading from Cattaraugus to Buffalo, 

which winds along the side of Lake Erie, in some places close 

to the water, and in others removed several hundred feet 

from its margin. Although the surface of this road is ele* 

'ated several feet above the level of the lake ; many of the 

Be large trees, with which the whole country is thickly 

overed, have been rooted up and drifted across it by the vio- 
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lence of the wind and waves, and now lie along its whole line 
piled up in the adjoining fields. Every winter's storm adds 
to these heaps of drifted timber, and they will doubtless con- 
tinue to be enlarged till the increasing value of the lands on 
the margin of the lake, which, in their present state, are 
wholly useless for agriculture, renders the erection of works 
for their protection a matter of pecuniary interest to the pro- 
prietors. 

The following extract also, from the Annual Keport of the 
Board of the New York State Canals for 1835 shows the 
severity of lake storms : — " The method of towing barges by 
means of steamboats h«is been very successfully practised on 
the Hudson Eiver ; but on the lakes, though a great many 
Bteamboats have been in use for several years, the plan has 
not been adopted, because the steamboats cannot manage 
barges in a storm. We have been informed of a proposition 
made to the proprietors of a steamboat to take some canal 
boats from Buflfalo to Cleveland ; and it was accepted only on 
the condition, that, in the event of a storm, they should be 
at liberty to cut them loose at the risk of the owners. 

" An intelligent gentleman, of several years' experience in 
navigating steamboats, and the two last seasons on Lake 
Ontario, informs us, that he considered it impracticable, as a 
xegular business, for steamboats on the lakes to tow vessels 
with safety, unless the vessels were fitted with masts and 
rigging, and sufficiently manned, so as to be conducted by 
gaib in a storm ; that storms often rise very suddenly on 
tbese lakes, and with such violence as would compel a steam- 
boat to cut loose vessels in tow in order to sustain herself." 

The great area of the lakes prevents any material varia- 
tion from taking place in the level of their surfaces, a result 
whiohy in small bodies of water, would no doubt be caused by 
the torrents annually poured into them from the melting 
now. It is stated that a periodical rise of about two feet on 
the level of the lakes occurs every seven years ; but the facts 
CODnected with this singular phenomenon do not appear to 
be veiy satisfactorily established. The water of the lakes 
and the Biver St Lawrence is remarkably pure and clear. Mr 
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MTaggart mentions, in his work on Canada, that a white 
object, measuring a foot square, may be seen at the depth of 
forty feet below the surface. From my own observation, how- 
ever, I cannot say that the American lakes are, in this respect, 
more remarkable than the Lake of Greneva, the waters of 
which are certainly very transparent. 

The rigour of a Canadian winter, covering the face of the 
country with snow, and congealing every river, lake, and 
harbour, produces a stagnation in trade, which cannot fail to 
have a bad effect on the commerce of the country and the 
habits of the people, who are compelled to complete their 
whole business transactions during the summer and autumn 
months, and remain in a state of comparative indolence dur- 
ing the remainder of the year. When this unfortunate state 
of things is kept in view, it is astonishing, and in the highest 
degree creditable, particularly to the inhabitants of the 
British colonies, who are situated on the least favourable 
side of the lakes, as far as climate is concerned, that they 
have made such rapid advances in agriculture and public 
works. Considering the lakes in a commercial point of 
view, it is impossible not to regret that their navigation is 
open for so very limited a period. For the space of at least 
five months in the year the greater part of their surface is 
covered with a thick coating of ice ; and the same sheet of 
water which, in summer, floats the vessel of 700 tons, and 
devastates the shores with its waves, becomes, in winter, a 
highway for the Canadian sledge. The centre of the lakes, 
where the water attains a considerable depth, is not frozen 
every season ; but a vast sheet of ice is annually formed 
round their margins, which almost entirely puts a stop to 
navigation. Mr M'Taggart mentions that, in the year 1826, 
the ice at the margin of Lake Ontario wfiis within half an 
inch of being two feet in thickness ; and that, during the 
winter of the same year, Lake Chaudi^re was covered with 
a coating which measured no less than three feet six inches 
in thickness. He also made several experiments to ascertain 
"ihe densities of lake and river ice, from which it appeared 
liat the volumes of six cubic feet of lake, and eight cubic 
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feet of river ice, were each equal, when melted, to five cuhic 
feet of water. The ice on the rivers and lakes does not long 
retain a level surface. Large flaws make their appearance 
soon after it is formed, and the whole sheet gradually splits 
into pieces, which, being united together in great masses or 
hummocks, resist the action of the sun long after the disap- 
pearance of frost. 

The period at whith the lake navigation closes is gener- 
ally about the eild ortNpvember or beginning of December, 
and this interruption is never removed before the first week 
of May. In 1837, the'y^r in which I visited America, the 
navigation was not wholly' open till the last week of May. 
On the 20th of that month,^ passed down Lake Erie, on my 
way to Buffalo, in the steamboat "Sandusky," on which 
occasion, even at that late periid in summer, we encountered 
. a large field of floating ice, extending as far as the eye could 
j»ach. Our vessel entered the ice about seven o'clock in the 
BBoming, and at twelve in the forenoon she had got nearly 
kalf way through it, when a breeze of wind sprung up, which, 
from its direction, had the eff'ect of consolidating the field 
into a mass so compact, that our vessel being no longer able 
io penetrate it, was detained a prisoner, at the distance of 
about ten miles from Buff'alo, the port for which she was 
^Iboand. During the two following days, the efforts of our 
ereiw to free the vessel were unavailing, and so thick was the 
field of ice by which we were surrounded, that several of our 
patient and perhaps more adventurous fellow-passengers, 
many fruitless attempts to reach the shore, which was 
.4plly two or three miles distant, by walking over its surface. 
' On the morning of the 23d, a breeze of wiud fortunately 
JooBened the ice, and our captain, after having seriously 
4fniaged his vessel in attempting to extricate her, succeeded 
.^1^ making his escapoj and landed his unfortunate passengers, 
.'j.j^^aring a torrent of rain, on the shores of the lake, far from 
\ fiW'' house, and ten miles from Buff'alo, the place of our des- 
The circumstance of there being upwards of two 
pi jngers on board, and a great scarcity of provi- 
tog« Her with the coldness of the weather, rendered 
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our situation during the forty-eight hours of our imprison- 
ment far from agreeable. 

The country through which I travelled for some days he- 
fore reaching the shores of the lakes, on my way from the Ohio 
River to Lake Erie, and also that part of it through which I 
afterwards passed on my route from the lakes to Quebec, 
presented all the indications of summer, every tree and shrub 
being in full foliage. In the immediate neighbourhood of 
Lake Erie, however, no signs of the approach of spring or 
returning vegetation were visible, though it was towards 
the end of May. The country surrounding the margin of 
the lake was bleak, and the trees were leafless, while the at- 
mosphere was exceedingly damp, and the temperature indi- 
cated by the thermometer ranged from 32° to 35** of ^Fahren- 
heit. Such was the effect produced on the climate by this 
huge cake of floating ice, that it was almost impossible, from 
the state of the lake atmosphere, and the appearance of the 
surrounding country, to divest oneself of the idea that 
winter was not yet gone, although, in truth, the first month 
in summer was drawing to a close. This isuct affords a strik- 
ing example of the degree in which climate may be influenced 
by local circumstances ; for, while the shores of Lake Erie 
presented this sterile appearance, and were still plunged in 
the depths of winter, the country in the neighbourhood of 
Quebec, although lying three degrees farther north, was 
richly clothed with vegetation. 

The transition from winter to summer in the northern 
parts of North America is very sudden. There is no season 
in that country corresponding to our spring. The vast heaps 
of hardened snow and ice which have accumulated during 
the winter remain on the ground long after the sun has at- 
tained a scorching heat, but it is not until his rays have 
melted and removed them that the climate becomes really 
warm, and then the foliage, being no longer checked by the 
cold produced by these masses of snow and ice, instantly 
bursts forth, and at that particular time it is stated that a 
single day makes a marked difference on the face of the 

intry. 
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The only other hody of fresh water in North America 
demanding attention, is Lake Cham plain, which lies nearly 
north and south, dividing the States of Vermont and New 
York. It is ahout 150 miles in length, and measures four- 
teen miles at the point where it attains its greatest breadth. 
The banks of the lake are in general low and marshy, and 
for about twenty miles at its southern extremity it assumes 
the appearance of a river, hardly affording sufficient space to 
permit a vessel to turn. This lake is navigable throughout 
its whole extent for vessels drawing five feet of water, and 
aeveral fine steamboats ply on it while the navigation is 
open. The principal towns on its shores are St John's, 
]|Plattsburg,Ticonderoga, Whitehall, and Burlington, at which 
last place the steamboats for its navigation are built. It is 
connected with the Eiver Hudson by the Champlain Canal, 
tait it discharges its surplus water into the St Lawrence by 
the Eiver Eichlieu, called also the Sorell, on which the towns 
6f 8t Dennis, St Charles, and Sorell, are situated. The chief 
ttBde of Lake Champlain consists in exporting iron-ore and 
timber ; the iron is sent to New York by the canal, and the 
tisiber to the St Lawrence by the Eiver Eichlieu. Its wat^s 
«ie exceedingly pure, and are subject, during the wet seasons 
of the year, to great augmentation. The captain of the 
rteomer by which I travelled informed me that, in the spring 
of 1816, when the snow was leaving the ground, the surface 
of the lake rose to the height of nine feet above its summer 
mter level. Its navigation, like that of the other lakes, is 
toqpended for five months in the year by ice, and transport is 
ovzied on during that period by sledges, which run on its 
fozface. 
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CHAPTEE III. 

RIVER NAVIGATION. 

The sizes and courses of the North American Risers inflnenced by the Alle- 
ghany and Rocky Mountains. — Risers flowing into the Pacific Oceanw — 
Rivers flowing into the Gulf of St Lawrence. — River St Lawrence. — 
Lakes, Rapids, and Islands on the River. — Lachine Canal.— St Lawrence 
Canal. — The Ottowa. — Rideau Canal. — Towing vessels on the St Law- 
rence. — Tides. — Freshets, Pilots, &c., — Rivers rising on the east of the 
Alleghany Mountains, and flowing into the Atlantic Ocean, and north- 
east comer of the Gulf of Mexico. — ^The Connecticut.— Hudson. — Delar 
ware. — Susquehanna. — Patapsco. — Potomac, &c. — Mississippi and its 
tributaries.— The Yazoo.— Ohio. — Red River.— Arkansas.— ^White River. 
— St Francis. — Missouri. — Illinois, &c. — State of the Navigation. — 
" Snags," " Planters," " Sawyers," and " Rafts."— Construction of 
Vessel for removing " Snags," &c. 

•The rivers of North America are no less interestiog features 

in the hydrography of that country than her inland sounds 

and lakes ; and the great lines of navigable communication 

which so many of them afford, extending in all directions 

from the shores of the ocean to the very heart of the country, 

and forming great public highways for the easy and quick 

transport of the most bulky produce of the interior, as well 

as the sea-borne manufactures and luxuries of foreign lands, 

entitle them, in a commercial point of view, to an equal share 

of attention. 

It is impossible to convey to the reader an adequate idea 

of those vast bodies of moving water, or to describe the feel- 
ings of the traveller, when, for instance, after crossing the 
Alleghany Mountains, and completing a fatiguing land jour- 
ney from the eastern coast of several hundred miles into the 
interior of the country, he first comes in sight of the Ohio 
River at Pittsburg. Here, in the very heart of the conti- 
nent of North America, the appearance of a large shipping 
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port, containing a fleet of thirty or forty steamers moored in 
the river, cannot fail to surprise him ; and his astonishment 
is not a little increased if he chances to witness the arrival 
of one of those steamers, whose approach is announced long 
before it makes its appearance hy the roaring of its steam, 
and the volumes of smoke and fire which are vomited from 
the funnels ; hut his wonder only attains its height when he 
is told that this same vessel has come direct from New Orleans, 
in the Gulf of Mexico, and that fifteen days and nights have 
been occupied in making this inland voyage, of no less than 
two thousand miles, among the meanderings of the Mississippi 
and Ohio. 

The continent of North America may he said to be divided 
into four distinct portions by the ranges of the Alleghany and 
the Eocky Mountains, which run from north to south, in di- 
rections nearly parallel to each other, and regulate the lengths 
of the various rivers by which the country is drained, and, 
as it were, assign to each the quantity of water which is due 
to it, and the direction it must follow in its progress to the 
ocean. I shall consider the rivers, therefore, under four dis- 
tinct heads — Firsts Those which rise on the west of the Rocky 
Mountains, and flow into the Pacific Ocean ; second^ Those 
which take their rise to the north of the mountain ranges, 
and discharge themselves into the Atlantic Ocean by the 
River and G-ulf of St Lawrence ; third ^ Those which have 
their sources on the east of the Alleghany Mountains, and 
diacharge themselves into the Atlantic and the north-eastern 
part of the Gulf of Mexico ; and, fourthly, The rivers compre- 
liended tinder the head of the Mississippi and its tributaries, 
which have their rise in the great valley stretching between 
the Alleghany and the Rocky Mountains. 

Our information respecting the rivers comprising the first 
of these divisions, or those which discharge themselves into 
tlie Pacific Ocean, is very limited, owing to the comparatively 
unexplored state of the country lying to the westward of the 
Sodky Mountains, through which they flow. It is certain, 
iniwever, that their courses are short, as the base of the Rocky 
i ^lIoimtainB, which are said to be abrupt and lofty, extends to 
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within a few hundred miles of the shore, which renders it 
not unlikely also that the declivity of their beds is consider- 
able, and their currents in general too rapid to aximit of easy 
navigation. 

The rivers which flow into the great western lakes, and 
those joining the St Lawrence in its course from Lake On- 
tario to the sea, form the second division. 

Although the St Lawrence does not assume its name until 
it issues from Lake Ontario, it nevertheless takes its rise to 
the westward of Lake Superior. Between Lakes Superior 
and Huron, it is called St Mary's Kiver. From Lake Huron 
it flows under the name of the St Clair into the lake of that 
name, from whence to Lake Erie it is called the Detroit Eiver, 
and between Lakes Erie and Ontario the Niagara ; but still 
it is essentially the same stream, in the same way as the 
Ehone, both above and below the Lake of Geneva, is considered 
the same river, and, indeed, retains the same name. When 
viewed in this light, the St Lawrence may be said to have a 
course of upwards of two thousand miles, and to receive the 
waters of about thirty rivers of considerable size. After 
leaving Lake Ontario, it assumes the name of the St Law- 
rence, and receives, in its progress to the ocean, by the river 
Kichlieu or Sorell, the water of Lake Champlain, and is also 
augmented by the streams of the Ottowa, St Francis, St 
Maurice, ChaudiSre, and Charles Eivers. 

Eeceiving the whole surplus waters of the North American 
lakes, and the drainage of a great tract of country traversed 
by the numerous streams which join it in its course to the 
ocean, the St Lawrence, as regards the quantity of its dis- 
charge, presents abundant advantages for safe and easy navi- 
gation. The stream of the upper part of the river, however, 
is much distorted by numerous expansions and contractions 
of its banks, and also by declivities or falls in its bed, and 
clusters of small islands, which render its navigation exceed- 
ingly dangerous, and in some places wholly impractible for 
all so of vessels excepting the Canadian haUeaux, which 
"re ong flat-bottomed boats, built expressly for its navi- 
lon. In several parts of its course the river expands into 
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extensive lakes ; and in those places numerous shoals occur, 
among which the ship-channel is generally tortuous and nar- 
row, and only navigable by daylight. Lji some places, again, 
the St Lawrence forces its way between high banks which 
encroach on its bed, and leave a comparatively narrow gullet 
for its passage, and in others it flows over a steep and rugged 
bottom. These sudden contractions and declivities interrupt 
the peaceful flow of the stream, and produce chutes, as they 
are there called, or rapids, some of which are wholly impass- 
able for vessels of large size, and others can be navigated 
only in certain states of the tide. The islands, which occur 
chiefly in the upper part of the river between Montreal and 
Lake Ontario, also distort the channel, and give rise to rapids 
which are no less obstructive to shipping, although they 
impart to the river scenery a variety and beauty, and, in 
Bome places, a grandeur, which I certainly have never seen 
equalled. 

Notwithstanding the numerous impediments to navigation, 
occasioned by the form of its bed, the River St Lawrence, 
between Montreal and Quebec, presents a scene of constant 
animation and bustle, until the approach of winter causes a 
ffoepension of its trade. On its stream the whole exports of 
Upper and Lower Canada were, when I visited the country, 
bome to the ocean, and by its current the valuable timber 
from the interior was floated from its native forests to Que- 
bec, where it was shipped for exportation.* After passing 
the island of Orleans (on which the great timber ship Colum- 
bos was built), is the city of Quebec, the first place of impor- 
tance that occurs in ascending the St Lawrence. The banks 
of the river at this place are high and precipitous. The fort 
of Quebec, built on Cape Diamond, is elevated 350 feet above 
the surface of the water, and commands a view of the river 

Tn how far the construction of the Grand Trunk Railway, which is in- 
. to extend from Halifax in Nova Scotia, to Quebec and Montreal, and 
to Chicago and the Western States, and which I shall notice in the 
^ r on Railways, may affect the traffic on the St Lawrence, is difficult to 
__,'; flui probability is, that the " lumber" or timber trade will still be con- 
ilietod, M formerly, by means of rafts, as being the cheapest mode of trans- 
yiM flnr tb t bulky deecription of merchandise. 
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and surrounding country, which, for extent and grandeur, is 
perhaps unequalled in any part of the world. The Eiver St 
Charles joins the S^ Lawrence close to the town, and the 
Chaudi^re flows into it a few miles farther up. 

The first obstacle to navigation are the Kichlieu Eapids, 
about eighty miles above Quebec, where the banks approach 
each other, and leave a narrow channel of only about half a 
mile in breadth, which contracts the vast body of water, and 
produces a current of such strength that vessels, unless aided 
by steam, have great difficulty in stemming it. The rapids 
extend over several miles, and sometimes, it is said, run with 
a velocity of six miles per hour, and, notwithstanding this, 
the water, owing to its great depth, presents a smooth and 
unbroken surface. 

From the Kichlieu Eapids to Montreal, the banks are low, 
and the country, for some distance on each side, is flat and 
monotonous ; and were it not for many beautiful villages, 
with their churches and polished tin spires which meet the 
eye in close succession, and tend to diversify and enliven the 
scenery, the sail from Quebec to Montreal would not prove 
very inviting. About mid-way between those places the bed 
of the river expands, and at last attains the breaxith of nine 
miles, forming the large sheet of water called Lake St Peter, 
which is twenty-one miles in length. In this lake there is 
very little current, and but a small depth of water, the na- 
tural consequence of so great an expansion of the river's 
width. A deep channel winds through the middle of the 
flat, affording an intricate passage for vessels, which, in their 
progress through it, are compelled to cast anchor after sunset. 
The course of this narrow channel is marked by buoys ; and 
lights are exhibited at its two extremities, for guiding vessels 
out of it which happen in the course of their voyage to reach 
either termination immediately after night has set in, in 
which case they are enabled to proceed on their course with- 
out requiring to anchor all night in the lake. 

The Kivers St Maurice and Eichlieu or Sorrell, flow into 
e St Peter. At the mouth of the St Maurice stands the 
n of Trois Eivieres, which contains about 3000 inhabi- 
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tants, and ranks as the third town in Lower Canada. The 
Bichlieu enters the lake at its southern extremity, and at its 
mouth stands the town of William Henry or Sorell. The 
Bichlieu, as formerly noticed, flows from Lake Champlain, 
from which a great deal of timber is annually floated by its 
current to the St Lawrence. 

About a mile below Montreal, the navigation encounters a 
great impediment in the rapids of St Mary, caused by St 
Helen's Island, which lies in the middle of the river. Here 
the current, it is said, runs with a velocity of six miles an 
hour ; and before the powerful and well-constructed steam 
yessels which now navigate the St Lawrence were built, a 
relay of oxen was kept at this place for assisting the steamers 
to ascend the rapids. It is unfortunate for Montreal, nauti- 
cally or commercially speaking, that it is situate above in- 
stead of below these rapids, as it renders the port difficult of 
access to all classes of vessels. 

Montreal, as before noticed, is 180 miles from Quebec, and 
680 miles from the Gulf of St Lawrence. It is at the head 
of the ship navigation ; and although upwards of 880 miles 
distant from the Atlantic Ocean, vessels of 600 tons ascend 
the river, and lie afloat at the quays. 

The Lachine Kapids, extending over about seven miles of 
the river's course, lie immediately above Montreal. As the 
Telocity with which the water runs at this place renders na- 
Tigation impracticable, the Lachine Canal has been executed, 
at an expense of L.ll 5,000, in order to avoid this obstruction 
to the navigation. This canal was completed in the year 
1824, and was the first work of the kind formed in Canada. 
It extends from Montreal to a place called Lachine, a dis- 
tance of nine miles, and measures forty-eight feet in breadth 
at the water line, twenty-eight feet at the bottom, and five 
feet in depth. The rise is forty-eight feet, which is overcome 
Ygy means of six locks of eight feet lift each. The locks 
and other works on the line of the canal, which are subject 
to much tear and wear, and require more than ordinary 
strength and durability, are constructed of red sandstone, in 
H ifiell-finiBhed and substantial manner. 
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The St Lawrence is navigable from Lachine to the " Cas- 
cades," where the " Cedar Kapids*' again stop its navigation 
for about sixteen miles. Above this the river expands, and 
forms the navigable lake of St Francis, which is twenty- 
five miles in length, and in some places attains the breadth 
of five and a half miles. The town of Kegis stands at its 
northern extremity, and is inhabited by part of a large tribe 
of Indians, who have a settlement here on a tract of land 
granted to them by the British Government. Above Lake 
St Francis are the Longue Saut Kapids. These are nine 
miles in length, and flow with greater velocity than any of 
the others which have been mentioned. At their head stands 
the town of Cornwall, from which the river is navigable to 
Kingston, at the entrance to Lake Ontario. The towns of 
Ogdensburg, Prescott, and Brockville, are situate on the 
banks of the river, between Cornwall and Lake Ontario. 

A few miles below Kingston is the celebrated " Lake of 
the Thousand Isles." At this part of its course, the St Law- 
rence assumes a great breadth, and its surface is thickly 
studded with small rocks and wooded islands, varying from 
a few square feet to several acres in extent. There are said 
to be upwards of 1500 of them in the lake ; and, though they 
form an interesting and splendid object in the scenery of the 
river, they prove very detrimental to its navigation. A 
channel, having a sufficient depth of water for ships of the 
largest size, winds among the islands, but it is in some places 
so narrow, that, when the wind is high, vessels have often 
difficulty in passing each other. 

These various obstructions in the St Lawrence, though in- 
jurious to its charax^ter as a navigable river, impart to the 
scenery on its course a degree of grandeur and variety which 
is peculiarly pleasing to the traveller. In passing over some 
of the rapids which have been mentioned, the water is vio- 
lently agitated and tossed into the air, covering the whole 
I rface with a sheet of white foam, and forming a fine con- 
st to the clear blue of the untroubled part of the river, 
fearless Canadians, however, daily descend these impe- 
itreams with their batteaux and rafts of timber, without 
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encountering the least accident or inconvenience. The bat- 
teaux are strong flat-bottomed boatp, well suited to the navi- 
gation of the rapids, and are generally manned by skilful 
nayigators. They descend from Ogdensburg to Montreal, a 
distance of ninety-five miles, heavily laden with the produce 
of the country, and generally occupy about three days in 
making the voyage. Steamboats ply regularly on those 
parts of the river which lie between the rapids ; but the bat- 
teaux, as formerly observed, are the only description of ves- 
sels that can, with any degree of safety, be taken over the 
lapids. 

The province of Upper Canada has executed a gigantic 
work, to supply these deficiencies in the navigation of the 
river, called the St Lawrence Canal. The first compartment 
of this work, extending from Cornwall, on the left bank of 
the St Lawrence, to a place called Dickinson's Landing, is 
twelve miles in length, and overcomes the Longue Saut 
Bapids. This work was in a very advanced state when I 
visited the country. Two additional short canals, and an 
alteration in the dimensions of the Lachine Canal, complete 
the whole line of communication between the lower part of 
the St Lawrence and the lakes. The St Lawrence Canal has 
a breadth of 100 feet throughout its whole extent, and is 
believed to be capable of admitting the passage of all vessels 
under 100 feet in length, which do not draw more than eight 
feet of water. The locks are built of limestone, which is 
obtained in fine blocks, and great abundance, in the surround- 
ing country. 

The Ottowa, after a course of about 500 miles, joins the 
St Lawrence immediately above the island of Montreal. It 
IB navigable to Bytown, 120 miles from its mouth ; and the 
Chenyille Canal, the locks and works connected with which 
ha^e been formed on the same scale as those of the Lachine 
Caaaly was constructed to obviate some of the rapids which 
ooeiir on the river. 

The Bideau Canal, leading from Bytown on the Ottowa to 
Ki&gpton on. Lake Ontario, was constructed by the British 
Q^pvanim nt, chiefly with the view of providing a sheltered 
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passage, at a secure distance from the frontier, for the trans- 
port of military stores to the lakes, in the event of war with 
the United States ; and, notwithstanding the estahlishment 
of the easy communication it affords, a great deal of trade is 
still carried on by the batteaux which continue to navigate 
the rapids of the St Lawrence. 

About seventy miles of the Kideau Canal consist of what 
is technically called slackwater navigation, which is formed 
by damming up the waters of the Eideau Eiver and Lake, and 
increasing their depth, so as to fit them for steamers of a 
pretty large size. The entrance of the canal at Bjrtown is 
283 feet below Kideau Lake, which is the summit level, and 
129 feet below Lake Ontario. There are several bold and 
arduous works on the line of this canal, the execution of 
which in so rough and unfavourable a country confers great 
credit on Colonel By, the principal, and Mr M^Taggart, the 
assistant, engineers, under whose directions they were con- 
ducted. The length of the canal is 135 miles ; seventy miles 
of this, as before noticed, are slackwater navigation, and its 
cost is said to have been about L.600,000. The works are 
constructed on a scale sufficient to aximit vessels of 125 tons 
burden. 

The Lachine Canal, the Eideau Canal, and the Welland 
Canal, constructed by the British subjects, together with the 
Ohio Canal, constructed by the inhabitants of the United 
States, amount in all to four hundred and fifty-one miles in 
extent. These interesting works connect the Gulfs of St 
Lawrence and Mexico by a water communication, forming, 
with Lakes Ontario and Erie, and the rivers St Lawrence, 
Ohio, and Mississipi, a gigantic line of inland navigation up- 
wards of no less than three thousand miles in length. 

Vessels bound for Montreal were in 1837 generally towed 
up the river from Quebec by large and powerful steamboats, 
belonging to the " St Lawrence Steamboat Tow Company." 
The company's charge for towing a vessel of 20 feet beam 
and 9 feet draught of water, from Quebec to Montreal, was 
L.33, 6s. 8d., and for a vessel of 28 feet beam and 15 feet 
draught of water (the largest size that ever penetrates so high 
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as Montreal), the charge was L.83, 4s. Vessels of interme- 
diate sizes were charged proportionally. 

The towing of vessels by steam-tugs is practised very ex- 
tensively, and has been brought to great perfection on the 
Mississippi, as formerly noticed, and on the St Lawrence. 
On both of these rivers, the narrowness of the navigable 
channels, the currents of the streamy, and the great distance 
at which the ports are removed from the sea, render some 
other means than sails, for propelling the vessels navigating 
them, absolutely necessary. The most powerful tow-boat on 
the St Lawrence when I visited the country was the " John 
Bnll." By this vessel I passed from Quebec to Montreal, a 
distance of 180 miles, in forty hours, being at the rate of 
four and a half miles an hour, against a current averaging 
abont three miles an hour. Upon this occasion she had no 
fewer than five vessels in tow ; one of these drew twelve and 
A half, another ten and a half, two of them drew nine, and 
the fifth about seven, feet of water. The vessels were all 
towed by separate warps, and were ranged astern of each 
other in two lines, three of them being made fast to the lar- 
board, and two to the starboard side of our vessel. The ma- 
nagement of a steamer with so great a fleet of vessels in tow, 
in the intricate navigation and strong current of the St Law- 
xence, requires no small degree of caution and skill on the 
part of the captain, who on this occasion had his whole charge 
moflt perfectly under command : when it was necessary to 
■top the steamer's progress for the purpose of taking in fuel 
or goods, he dropped the vessels astern, and picked them up 
•gain, on resuming his course, with the greatest dexterity. 
Captain Vaughan, who commanded the " John Bull," in- 
formed me, that it was by no means uncommon, at certain 
fleaaonB of the year, to have six vessels in tow, and from 
1200 to 1500 passengers on board of his vessel at the same 
time. He tows every vessel by a separate line, and generally 
keepa them all astern, in preference to taking any of them 
aloDgside of the steamer, an arrangement which, in the St 
Lawrence, where the navigable channel is in many places 
Wj contracted, and often impeded by large rafts of timber 
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on their downward voyage from the upper country, would be 
very apt to occasion accidents. 

There is a rise of twenty feet at spring tides at the quays 
of Quebec ; and when there is not much flood- water in the 
river, it is said to be affected by high tides to the distance 
of fifty miles above the city, or about 750 miles from the 
Atlantic Ocean at the entrance of the Gulf of St Lawrence. 
The floods or freshets which occur at the breaking up of 
winter, are chiefly caused by the melting snow, and occasion 
a periodical rise in the surface of the river, which is some- 
times from this cause raised as much as ten feet above its 
summer water-level. When I visited the St Lawrence in 
May 1837, the river was under the influence of a freshet 
produced by the melting of the snow; and it was said to have 
risen to a greater height than usual, the water being at that 
time several feet above the level of some of the quays in 
Montreal. Mr M'Taggart, who had a good opportunity, 
during his residence in Canada, of making accurate observa- 
tions, states, that the whole quantity of water annually dis- 
charged into the sea by the St Lawrence may be estimated 
at 4,277,880 millions of tons, and also, that the quantity of 
water annually discharged into the St Lawrence from the 
melting of the snow may amount to" 2,112,120 millions of 
tons. As the whole of this great body of water is poured 
into the stream in a short space of time, it materially affects 
the level of the water, causing it to overflow the banks, and 
cover every low lying tract of ground in the vicinity of the 
river. 

The severe and protracted winter of Canada, so hostile to 
the interests and prosperity of the country, puts a stop to 
the navigation and trade of the St Lawrence for at least four 
and a half months annually, and during great part of that 
period the ice at Quebec often forms a spacious and safe 
bridge across the river. 

The navigation of the Gulf of St Lawrence, through which 
the river discharges itself into the Atlantic, is very hazardous. 
In addition to the dangers arising from the masses of ice which 
are constantly to be met with floating on its surface for nearly 
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ooa-lialf of the year, it is subject to dense fogs, and its rocky 
shores and desolate iaiands afford neither comfort nor shelf er 
to th© shipwrecked mariner. One of the most desolate and 
dangerous of the islands in the Gulf is Anticostij which lies 
exactly opposite the mouth of the St Lawrence, and is sur- 
roouded by reefs of rocks and shoal water. Two lighthouses 
have been erected on it, and also four houses of shelter, con- 
taining large stores of provisions for the use of those who 
IwTO the misfortune to be shipwrecked on its tnhospitallo 
■bores. 

The lighthouses, buoys, and pilots, belonging to the St 
Lawrence were, when I visited the country, under the con- 
trol of the Trinity House of Quebec. Tlie lights were by no 
means so numerous or efficient as the dangerous and crowded 
twrigation of the river required. There were at that timo 
ten lighthouses between Montreal and Anticosti, a distance 
of 560 miles, and these were nightly illuminated while 
the navigation of the river is open. The number of the 
licensed pilots was about 250, who are compelled to serve 
'Wt apprenticeship, and to make at least one trip across 
the Atlantic previously to obtaining a licence to act in this 
e^Mcity. 

The rivers belonging to the third division, which take 
theil rise on the east of the Alleghany Mountains, and flow 
into the Atlantic Ocean and the north-east corner of the 
Gnlf of Mexico, are upwards of one hundred in number. 
They are distributed over the whole eastern part of tlie 
ooontry; and, notwithstanding the shortness of their courses, 
extending only from the sea-coast to the base of the Alle- 
ghany ^fountains, they afford anaggregate amount of upwards 
of 3000 miles of ship and boat navigation. The following 
are the most important of these streams; — 

The St Croix is a short river, having a course of about 
sixty miles, and is remarkable only as being the boundary 
between the United States and the British dominions in 
North America. 

The Penohscot has a course of about 300 miles, and flows 
^piuto thoKft at Penobscot Bay in the State of Maine. It is 
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navigable for vessels of large burden to the town of Bangor, 
which is situate fifty miles from the sea at the head of tide- 
water. Large quantities of valuable timber are annually 
exported from the towns on this river and bay. 

Kennebeck Eiver is the outlet of a small sheet of water 
called Moosehead Lake ; it flows into the sea at Augusta in 
the State of Maine, after a course of about 230 miles, and is 
navigable for a distance of forty miles from the sea. 

The Merrimac, flowing into the sea at Newburgh Port in 
Massachusetts, has a course of upwards of 200 miles; but, in 
consequence of several falls which occur in its bed, is navi- 
gable only for a distance of twenty miles from the sea. It 
aff'ords very valuable water-power, and on its banks is situate 
the large manufacturing town of Lowell. 

The Thames falls into Long Island Sound at New London, 
and is navigable to the town of Norwich, fifteen miles from 
its mouth. 

The Connecticut, after a course of 450 miles through a 
highly cultivated and fertile country, discharges itself into 
Long Island Sound. It is navigable for steamers and vessels 
of large burden to Hartford, a distance of forty miles, and, 
by means of some short canals, for steamers of a small size, 
to Barnet in Vermont, which is upwards of 250 miles from 
the sea. 

The Hudson rises in the neighbourhood of Lake Ghamplain, 
and pursuing an almost straight course of about 250 miles 
in a southerly direction, flows into the sea at the city of New 
York. Although that portion of the Hudson which is strictly 
a river, or in which the tide does not act, is by no means so 
remarkable for its size as many others in the United States, 
yet it is very interesting to the traveller, as well on account 
of the beauty of its scenery, as the importance and extent of 
its trade ; and in this respect it holds a very high rank among 
the American rivers. It passes through a beautiful and shel- 
tered tract of country, and the populous towns of Newburgh, 
Hudson, Albany, and Troy, and the military college of West 
Point, stand on its banks. The produce of the large State 
f New York and the great western lakes, as well as the im« 
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ports for the supply of an extensive and populous district of 
the United States, are borne to and from the harbour of New 
York by the Hudson ; and a large fleet of vessels is constantly 
engaged in its navigation. 

This river is navigable, for ships of large burden, to the 
town of Hudson, about 120 miles from New York, and for 
vessels of smaller draught of water to Troy, about forty-four 
miles farther. By means of the Erie, Oswego, and Champlain 
canals, it is connected with Lakes Erie, Ontario, and Cham- 
plain. A large part of the trade of the River Hudson is 
carried on by sailing vessels of about 150 tons burden, having 
a great breadth of beam, and carrying masts of from 90 to 
100 feet in height. These vessels, being dependent on the 
state of the winds, make tedious and uncertain voyages ; but 
many of them, notwithstanding the introduction of steam- 
navigation, still enliven the river scenery with their white 
Bails. The transport of goods, however, at the time of my 
visit, was more generally carried on in large barges, towed 
by steamers which are exclusively devoted to this trade, as 
passengers go only by the larger and swifter boats built ex- 
pressly for the purpose. The current of the Hudson is said 
to average about two and a half miles an hour, and the in- 
fluence of the tide extends as far as Albany, 150 miles above 
New York. The only obstacle to navigation occurs a little 
below Albany, where there is a considerable shoal, called the 
Overslaugh, caused by several small islands lying in the fair- 
way of the river. It is, however, at present passable for ves- 
sels drawing five or six feet of water, and is still capable of 
being much improved. 

The Delaware has a course of about 310 miles, and falls 
into Delaware Bay near Newcastle ; it is navigable, for ves- 
sels of the largest class, for forty miles, to Philadephia. From 
Philadelphia it is navigated by sloops, for a distance of 
tbirty-five miles, to Trenton, which is at the head of tide- 
Water, and above this it is navigable for boats of nine tons, 
which ascend the river about one hundred miles farther into 
ttie interior. 

The Susquehanna flows into Chesapeake Bay. It is the 
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largest river in the productive State of Pennsylvania, but is 
more celebrated for the beauties of its scenery than the facili- 
ties it affords for communication. Excepting for about five 
miles from its mouth, the navigation is completely stopped by 
the rugged and shelving formation of the rocky bed in which 
it flows. The course of this river is about 460 miles, and works 
were in progress, at the time of my visit, for the improvement 
of its navigation, by the formation of short canals, and the 
construction of dams, so as to form an extensive line of slack- 
water navigation. 

The Patapsco discharges itself into Chesapeake Bay, and 
is navigable, for vessels drawing eighteen feet of water, to 
Baltimore, which is at the head of tide-water, and is about 
fourteen miles from Chesapeake Bay. The whole course of 
the Patapsco is only about one hundred miles. 

The Patuxent rises to the west of Baltimore, and flows into 
Chesapeake Bay. It has a course of about one hundred miles 
in length, and is navigable to the distance of sixty miles from 
its mouth. 

The Potomac has its source in the Alleghany Mountains, 
and is 335 miles in length. It is seven and a half miles in 
breadth at its entrance into Chesapeake Bay, and is navigated, 
by vessels of the largest class, as far as Washington, the seat 
of government of the United States, which is situate about 
103 miles from its mouth. The tide flows three miles above 
Washington, but beyond this point the river is obstructed by 
shoals, and several short canals have been constructed for the 
improvement of its navigation. 

The Rappahannock has a course of 176 miles, and is navi- 
gable to the town of Fredericksburg, about 110 miles from 
its junction with Chesapeake Bay. 

York River also flows into Chesapeake Bay, and has a 
course of one hundred miles, thirty miles of which are navi- 
gable for large vessels. 

The James River has a course of upwards of 400 miles, and 
discharges itself into the Atlantic, at the southern extremity 
of Chesapeake Bay. It is navigable, for vessels of 125 tons 

rden, to the toTivni of Richmond, situate 122 miles from its 
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mouth, where the navigation is obstructed by falls in the 
river. By means of a canal which has been formed to over- 
come this obstacle, batteaux are now enabled to ascend the 
river to a distance of 352 miles from the sea. 

The Roanoke flows into Albemarle Sound in North Caro- 
lina, after a course of 370 milep It is navigable, for vessels 
of forty-five tons, to Halifax, seventy miles. Batteaux ascend 
the river to the distance of 300 miles from its mouth. 

The Pamlico falls into Pamlico Sound. It has a course of 
200 miles, and is navigable for forty miles. 

The River Neuse has a course of 271 miles ; Cape Fear, 
288 ; Pee Dee, 415 ; Santee, 370 ; and Edisto, 161 miles. 
These rivers are in North and South Carolina, and are said 
to be capable of affording, by means of some small improve- 
ments, about 630 miles of boat-navigation. 

The Rivers Ashley and Cooper, in South Carolina, have 
courses of forty-three and forty-four miles, and, at their 
junction, form the harbour of Charleston. 

The Savannah River flows between the States of South 
Carolina and Georgia. It has a course of 340 miles, and is 
navigable, for vessels of the largest size, to the town of 
Savannah, situate eighteen miles from the sea. Above this, 
steam-navigation extends as far as Augusta, 140 miles. 

The great Ogeetchee is navigated by small vessels for 300 
miles, the Alatamaha for 220, the Santilla for 180, and the 
St Mary for 150 miles from the sea. The Rivers St John 
and Suwanee, in Florida, are said to have courses of about 
250 miles. Many of the streams in the southern part of the 
United States, however, and more particularly in Florida, 
have never been fully explored. 

The Appalachicola has a course of 425 miles. It is formed 
by the junction of the Chattahoochee and Flint Rivers, and 
discharges its waters into the Grulf of Mexico. It is navi- 
gated by steamers to the town of Columbus, 160 miles from 
its month. 

The Mobile River is formed by the junction of the Alabama 
and Tombeckbee. The Alabama has a course of 500, and 
fbe Tombeckbee of 350 miles. The Alabama afl'ords ship- 
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navigation to Clairbone, 100 miles, and batteaux-navigation 
to Fort- Jackson, 200 miles. The Tombeckbee is navigated 
by ships as far as St Stephens, 100 miles, and by boats to 
the falls of the Black Warrior, 250 miles from the Gulf of 
Mexico. 

The part of North America which extends from north to 
south between the great northern Lakes and the Gulf of 
Mexico, and from east to west between the ranges of Alle- 
ghany and Eocky Mountains, includes within its limits the 
valleys of the Mississippi, Missouri, and Ohio, and is remark- 
able for the extreme richness and fertility of its soil, which, 
afCer being brought into cultivation, yields, with little labour, 
a very abundant harvest. These fertile valleys include nine 
of the United States of America, and a great part of them is 
now in a high state of cultivation, and thickly peopled. In 
the state of Louisiana, the crops grown are sugar, cotton 
and tobacco ; and in Mississippi and Arkansas cotton is pro- 
duced in great abundance, and of fine quality. Tennessee 
affords cotton and tobacco, and Kentucky produces hemp, 
tobacco, wheat, and Indian corn. The states of Ohio, Indiana, 
Illinois, and Missouri, are too far removed from the equator 
for the growth of cotton, sugar, or tobacco, and their inha- 
bitants confine all their attention to raising grain. The 
geographical structure of North America shuts up this im- 
mense tract of land from any direct communication with the 
seas which wash its eastern and western coasts ; for if we 
trace upwards, in their course of many hundred miles through 
the eastern states, those numerous large navigable rivers 
which discharge themselves into the Atlantic, we find them 
holding the character of rivulets long before we penetrate 
even to the verge of these fertile valleys; and on the western 
coast of the country, the range of the Kocky Mountains ex- 
tending along the shores of the Pacific, presents an insur- 
mountable barrier to any direct water communication with 
that ocean. 

The ^Mississippi, however, and its numerous navigable 
tributaries, afford a perfect and easy access to the remotest 
corners of these states. The produce which annually de- 
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Bcends the river was, in 1837, valued at the enormous sum 
of fourteen millions of pounds sterling, and its four mouths 
pour into the G-ulf of Mexico the drainage-water of a dis- 
trict of country which has been estimated at no less than 
1,226,600 square miles in extent. The source of the Missis- 
sippi is said to have been discovered in the year 1832. It 
is situate to the westward of the great lakes, at a distance of 
upwards of 3000 miles from the Grulf of Mexico, and at an 
elevation of 1500 feet above its surface. The river flows from 
its source as a small stream, and, gradually gathering strength, 
precipitates itself over the Falls of St Anthony, after which 
it swells in importance at every step of its course, gaining 
accessions of strength from the numerous small rivers which 
pour in their tributary streams from all directions, until it is 
at length joined by the great Missouri. The character of 
its waters, formerly clear and tranquil, is here completely 
clianged, and the combined streams of the two rivers flow on 
in a deep and muddy current. The Ohio, the Arkansas, the 
Bed Eiver, and many other large streams, fall into this giant 
of rivers, which, swelled by the waters of its various tribu- 
taries, whose aggregate length is upwards of 44,000 miles, 
at last pours itself into the Gulf of Mexico. 

New Orleans, the most important town on the river, has 
already been noticed. The town of Natchez, which is about 
880 miles from its mouth, stands on the left bank ; it is a 
place of considerable importance, and is the highest point 
visited by sailing vessels ; above this, the Mississippi is 
navigated only by steamboats. St Louis, on the right bank 
of the river, about eighteen miles below its junction with the 
lEisBOuri, is also a place of great trade. 

The Mississippi forms a striking contrast to the St Law- 
rence, which, as has been already observed, flows in a rocky 
bed, occasionally expanding into extensive flats, or contract- 
ing its limits, and thus presenting great impediments to 
BSvigatioD. The bed in which the Mississippi flows is of a 
•eft allavial formation, maintaining a nearly uniform breadth 
ttrangfaont its whole course, and affording, at every point 

ftttdw the Falls of St Anthony, a sufficient depth of water for 

c2 
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vessels of large size. The principal mouth of the Mississippi 
has a bar, on which the depth of water in 1722, according to 
Malte Bnin, was twenty-five, in 1767 twenty, and in 1826 
sixteen, feet. Captain Hall mentions that in 1828 it was only 
fifteen feet. The vast tract of Delta land at the mouth of 
this river, estimated at 40,000 square miles, caused by the 
deposition of the earthy matter carried down by its current, 
is gradually extending its limits, and stretching into the 
G-ulf of Mexico, a circumstance which has led some to re- 
mark that, in the course of time, the whole Grulf of Mexico, 
at present occupied by the sea, may be filled up by these 
alluvial deposits, and become a flat plain watered by an ex- 
tension of the Mississippi. 

In enumerating the tributaries of the Mississippi, I shall 
first notice those flowing into it from the east, and afterwards 
those which have their rise in the western country, in the 
order in which they occur in ascending the river. 

The Yazoo, flowing through the state of Mississippi, joins 
the river about 450 miles from the sea, and is navigable for 
150 miles. 

The Ohio, the largest of its eastern tributaries, is, except- 
ing at one or two parts of its course, a smooth running stream. 
It is formed by the junction of the Monongahela and Alle- 
ghany Kivers. The Mononghela is navigable, for small boats, 
for 200 miles, and the Alleghany is navigable, for boats of 
ten tons, for 260 miles. The Ohio flows over a course of 945 
miles, and discharges itself into the Mississippi about 1000 
miles above New Orleans. Its banks, which rise rather pre- 
cipitously, are thickly covered with fine timber, and the 
country through which it passes is highly cultivated, and 
very productive. The navigation of the river is stopped for 
about four months every year by ice. The principal towns 
on the Ohio are Louisville, Cincinnati, Wheeling, and the 
manufacturing town of Pittsburg, which stands at the head 
of the navigation, on a point of land formed by the junction 
of the Kivers Monongahela and Alleghany. 

During the spring months, when the Ohio is swollen, 

amboats of large class, drawing from eight to ten feet of 
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water, ascend from the Gulf of Mexico to Pittsburgh, a dis- 
tance of nearly 2000 miles. But when the water is low, 
steamers cannot ascend higher than Louisville, in Kentucky, 
■which is situate on the left bank of the river, 560 miles be- 
low Pittsburgh. Here the river has a fall, occasioned by an 
irregular ledge of limestone rock, of twenty-two feet six inch( s 
in two miles, which produces rapids that can only be passed 
when the river is high. The Louisville and Portland Canal, 
constructed with a view to remove the obstruction to naviga- 
tion occasioned by this fall, is rather more than two miles in 
length, and is excavated in rock nearly throughout its whole 
extent. It is sixty-eight feet in breadth, and sixteen feet 
in depth, affords a passage for all steamboats under 180 feet 
in length, and is used by them when the low state of the 
water in the river renders the rapids impassable. 

The canal has three lift-locks, measuring 183 feet in length, 
and fifty feet in breadth, and one guard-lock, measuring 190 
feet in length, and fifty feet in breadth, all of which are built 
of stone. 

Several shoals occur in the upper part of the river, which 
axe also very inconvenient, as the current on many of them 
nuiB with considerable velocity. In ascending the Ohio, the 
steamer by which I travelled was very deeply loaded, and we 
were detained several hours in attempting to pass one of 
these sihoals called the " White Kipple." Many unsuccess- 
ful efforts were made, but the power of the engines could not 
minnoiint the obstacle, until some of the crew ascended the 
stream in a boat, and dropped an anchor with a strong 
cable attached to it, in the middle of the channel ; the other 
end of the cable was made fast to the capstan of the steam- 
boat, and the vessel was at length, after much labour and 
detention, warped through the rapid. 

The principal tributaries flowing into the Ohio from the 
north, are the Muskingum, which is navigable for 120 miles, 
the Miami, navigable for seventy-five miles, the Scioto, which 
» navigable for 120 miles, and the Wabash. The Tennessee 
Biver flows into the Ohio from the south. It is 850 miles in 
le&gUiy and is navigable to Florence, a distance of 250 miles. 
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At this place there is an expansion in the bed of the river ; and 
a collection of stones, called " the Mussel Shoal," terminates 
the navigation. The other tributaries flowing into the Ohio 
from the south, are, the Cumberland Kiver, navigable for 440 
miles, Grreen Eiver, for 150 miles, Kentucky River, for 130 
miles, and Licking River, for seventy miles. The aggregate 
length of the Ohio and its tributaries is about 7300 miles. 

The Illinois enters the Mississippi about 160 miles above 
the Ohio, and is navigable for steamboats for about 200 
miles. 

Wisconsin and Chippewa Rivers take their rise in the 
neighbourhood of the lakes, and are both navigable for some 
distance. 

Thb most southern tributary of any importance which 
flows into the Mississippi from the west is the Red River. 
This river takes its rise at the base of the Rocky Mountains, 
and is 1500 miles in length ; but its navigation is obstructed 
by a huge pile of wood, composed of large trees, which having 
been from time to time swept away in floods, and floated 
down the stream, have finally found a resting-place in the 
bed of the river, among their f ormef neighbours of the forest. 
This obstruction, which is called the " Red River Raft," has 
been accumulating for ages. It commences about 500 miles 
above its mouth, and is said to extend about seventy miles. 
Measures have been adopted for effecting its removal, and 
should this arduous undertaking, which is at present in pro- 
gress of execution, be successful, the navigation of the river 
will be extended 500 miles farther into the interior of the 
country. The Washita, one of the tributaries of the Red 
River, has a course of 450 miles. 

The Arkansas has its source in the Rocky Mountains, and 
is said to be upwards of 2500 miles in length, and with its 
tributaries 4500 miles. Steamers can ascend this river for 
640 miles from the Mississippi. 

The White River, after a course of upwards of 1200 miles, 
including its tributaries, flows into the Mississippi, twenty 
miles above the Arkansas, and is navigable for 400 miles. 

The St Francis has a course of 450 miles, but its entrance 
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is choked by a large stationary raft of drift timber, which 
puts an effectual stop to the navigation of the river. 

The Merrimeg is navigable for 200 miles. 

The Missouri joins the Mississippi eighteen miles above the 
town of St Louis, and about 1200 miles from the Gulf of 
Mexico. It is, in every respect, the greater of the two rivers, 
but the Mississippi having been first discovered, the original 
name has been retained. The sources of the Missouri are in 
the Kocky Mountains, its whole course is 3217, and in con- 
nection with all its tributaries upwards of 10,000 miles. Its 
navigation is uninterrupted for 2532 miles from its mouth, 
and is there broken by the falls of the Missouri, which are 
said to vie in grandeur with those of Niagara ; but the river 
is navigable above the falls for 500 miles. 

The lead mines on the Kiver Missouri are of very great 
value. The district in which the lead occurs is about seventy 
xniles in length, and forty- five miles in breadth. The govern- 
ment of the United States have reserved 150,000 acres of 
land in the state of Missouri as government property. This 
is let in small lots to persons who undertake to open the 
mines ; they are now very extensively worked, and a large 
quantity of lead is prepared on the spot, and brought down 
the Missouri for the market. 

The tributaries of the Missouri are the Gasconade, navi- 
gable for 150 miles ; the Osage, said to be navigable for 500 
miles : the Chariton for 300 miles ; the Tauzas for 200 ; and 
the Yellowstone for 800 miles. 

The Moine flows into the Mississippi, 130 miles above the 
Missouri, and is supposed, with its tributaries, to be navigable 
for a distance of 1500 miles. 

The St Peter's, which is the most northern of the tribu- 
taries, has a course of 500 miles, and is navigable only for 
boats. 

With the exception of the falls at Louisville, and the White 
Bipple on the upper part of the Ohio Kiver, the Mississippi, 
and the navigable tributaries which have been enumerated, 
axe perfectly free from all obstructions caused by irregularities 
in the beds or. banks of the stream. In some places, as has 
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been already noticed, shoals or rapids occur, but these do not 
aflfect the passage of steamers to a greater extent than by re- 
tarding their progress a little in ascending the river. Some 
dangers, however, exist, which are peculiar to the navigation 
of tlie western waters of America, and are even more to be 
dreaded than currents and rapids produced by permanent ob- 
structions in the bed of the stream, as they are constantly 
changing their positions, and springing up afresh every day, 
so that they cannot be guarded against by any previous 
knowledge of the navigation of the river. These dangers 
are caused by large trees, which, being precipitated into the 
water, by the river undermining its banks, are borne away 
on the current, and occasionally get entangled, and even 
become firmly fixed, in the bed of the stream. Sometimes 
a branch of the tree is seen projecting from the water, but 
often no part of it is visible, the only indication of its exist- 
ence being a slight ripple on the surface of the water. They 
have received from the boatmen of the Mississippi the names 
of " Snags," " Planters," and " Sawyers" — bearing one or 
other of these designations, according to their positions and 
the manner in which they are fixed in the river. The term 
" snag" is applied to a tree firmly imbedded in the bottom, 
and lying at a considerable angle, with its top inclined down 
the stream. A " planter" is a tree firmly fixed in a nearly 
perpendicular position ; and a " sawyer" is the name applied 
to a tree whose roots or branches have become entangled in 
the bed of the river, and, whose trunk being loose, is kept 
constantly swinging up and down by the current, alternately 
showing its head, and plunging it under the surface. Some- 
times several of these trees collect together in the same place, 
and form a small islet, which, after maintaining its position 
for some time, and gradually increasing its dimensions, at 
length attains an enormous magnitude, and often becomes 
an impassable barrier, extending along the river's course for 
many miles. This is what the boatmen call a " raft." It 
generally occurs in the tributaries of the Mississippi, and not 
in the river itself. One instance of this is afforded by the 
Hed Kiver, already mentioned, and another by the Atcha- 
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falaya, a river flowing out of tlie Mississippi, at a point abont 
250 miletflfrom the sea. The Atchafalaya raft, which is par- 
ticularly noticed in Captain Hall's work on North America, 
extends over a space of twenty miles ; but the river's bed, 
for the whole of this distance, is not filled up with drift tim- 
ber ; the actual length of the raft itself being only about ten 
miles. The Atchafalaya is 220 yards in width, and the raft 
extends from bank to bank, and is supposed to be about eiglit 
feet in thickness. 

All these obstructions are most injurious to the navigation 
of the Mississippi and its tributaries, and have, on many 
occasions, caused great loss, both of lives and property, by 
sinking steamers. The " snags" are more dangerous than 
any of the other obstructions. They are generally encoun- 
tered by vessels on their upward passage. Vessels descending 
the river keep in the middle of the stream, where the water 
18 deep and the current is strongest, while those ascending 
the river keep as close to the shore as possible, where they 
have a more gentle current and shoaler water, and of course 
are more apt to be injured by impediments in the bottom. 
Besides, as the " snags'* are always inclined down the stream, 
vessels, going in the direction of the current, slide easily over 
them, if they happen to come in contact with them ; but their 
inclined position renders them exceedingly dangerous for 
vessels ascending the river, which obviously encounter them 
in their most destructive position. The strongest vessels in 
the western waters are unable to withstand the shock occa- 
sioned by running against a " snag." It almost invariably 
pierces their bows, when they generally fill with water and 
go down. Several steamers are built with false bows, called 
" sna^chambers," as a palliative of the danger arising from 
accidents of this kind. In the event of the bow being stove 
in, the small compartment called the " snag-chamber," in 
the fore part of the vessel, is all that is filled with water, and 
her buoyancy is thus very little affected — a contrivance 
which has more recently been carried out on a larger scale, 
in the water-tight compartments into which our iron steamers 
ai« now divided. 
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Some grants of money have been voted by tlie Grovemment 
of the United States for the improvement of the western water 
navigation. The money has been expended in removing, from 
diflferent parts of the Mississippi and its tributaries, the sta- 
tionary rafts of timber and snags by which their streams are 
obstructed. For this purpose, an apparatus called a " snag- 
boat," has been used with much success. The machine con- 
sists of two hulls, firmly secured to each other, at a distance 
of a few feet apart ; and over the intervening space a deck 
is thrown, having an aperture left in the centre. A power- 
ful crab is placed over this aperture, from which strong chains 
and grapplings are suspended in the space between the two 
vessels. The " snag-boat" is propelled by paddle-wheels, 
which, with the gearing for raising the snags, are worked by 
a steam-engine placed on its deck. In using the apparatus, 
the vessel is brought to an anchor over the snag or obstacle 
to be removed, and the grapplings are made fast to the. pieces 
which are to be raised. The paddle-wheels being thrown out 
of gear, the engine is applied to work the crab, by which the 
snag is torn from its hold in the bottom of the river, and, 
after being cut in short pieces, is allowed to float down the 
stream. This "snag-boat" has been extensively used on 
the Eed Kiver, in the partial removal of the large stationary 
" raft" formerly noticed, which at present obstructs the navi- 
gation of the stream. 

The Mississippi and Ohio Eivers are perfectly pure and 
limpid ; but after being mingled with the water of the 
Missouri, which holds a large quantity of alluvial matter in 
suspension, they assume a red and muddy appearance. A 
quantity of water, taken from the lower part of the Missis- 
sippi, and allowed to settle for fifteen or twenty mkiutes, 
deposits a thick cake of mud on the bottom of the vessel 
containing it ; but, notwithstanding this, the water is sup- 
posed by many persons to be healthful, and, after undergoing 
the process of filtration, is very generally used for domestic 
purposes by the inhabitants of all the towns on its banks.* 

* Mr EUet estimates the sedimentary matter transported by the Mississippi 
M j^-^ part of the rolame discharged by the riyer. 
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The average height of the annual rise in the waters of the 
Ohio is fifty feet, the lowest state of the river occurring in 
Septemher, and the highest in March ; but I was informed 
that the waters of the Mississippi and Missouri are not sub- 
ject to so remarkable a change of level. 

The level of the land on the banks of the Mississipi, for 
some distance before it discharges itself into the sea, is con- 
siderably below that of the surface of the river. Extensive 
embankments, similar to those of Holland and Belgium, have 
been erected for its protection, and form a continuous line 
on both sides of the river from New Orleans to St Francis- 
ville. Above this, and all the way to Natchez, which is 
about 380 miles from the sea, they occur only at intervals, 
"where the flatness of the land has rendered their erection 
necessary. Captain Hall, in his work on North America, 
Bays, — " The swollen river looked so like a bowl filled up to 
the brim, that it seemed as if the smallest shake, or the least 
addition, would send it over the edge, and thus submerge the 
city. The footpath on the top of the levee or embankment 
was just nine inches above the level of the stream. The 
colour of the water was a dirty, muddy, reddish sort of white, 
and the surface everywhere strongly marked with a series of 
curling eddies or swirls, indicative, I believe, of great depth." 

These embankments, or levees, as they are termed, are 
composed entirely of earth. They are from five to fifteen 
feet in height, and are made of sufiicient breadth at the top 
' to allow of a footpath being formed on them. They occa- 
sionally yield to the pressure of the river when in a flooded 
state, and give vent to its water, which on such occasions 
never fails to overflow and lay waste a large portion of the 
adjacent country. 

The most recent information which we possess regarding 
the Mississippi is contained in an elaborate work by Mr 
Charles EUet on the Mississippi and Ohio Kivers, of which 
we give the following digest taken from the article " Inland 
Navigation" in the eighth edition of the " Edinburgh En- 
cyclopaedia :"* — 

* The Mississippi and Ohio Rivers, by Charles Ellet, New York. Canal 
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" It appears, from the information given in Mr EUef s 
work, that the Mississippi varies from 2200 to 5000 feet in 
width, the average width being assumed as 3300 feet. It is 
from 70 to 180 feet in depth, the average being 115 feet. 
The area of the cross section varies from 105,544 square 
feet to 268,640 square feet, the average being 200,000 square 
feet. The length, from its junction with the Ohio to the 
Gulf of Mexico, is 1178 miles, and its average descent at 
full water is 3 J inches per mile, and in absence of floods (or 
during summer and autumn) 2^^^ inches per mile. The 
length of the Ohio, from its junction with the Mississippi to 
Pittsburgh (the head of the navigation for large vessels), is 
975 miles, and the average inclination is about 5^ inches per 
mile. From Pittsburgh to Olean Point the distance is 250 
miles, and the inclination 2 feet 10 inches per mile. When 
the water is high steamboats have ascended to Olean Point, 
which is 2400 miles from the Grulf of Mexico ; and in doing 
so, have had to overcome a current which at some places runs 
with a velocity of five miles per hour. The discharge of 
the Mississippi is computed by Mr EUet, at high water, at 
1,280,000 cubic feet per second ; and its drainage he esti- 
mates at 1,226,600 square miles. "When the autumnal rains 
set in, the river rises above its summer level to the enormous 
extent of about 40 feet at the mouth of the Ohio, and 20 feet at 
New Orleans. In investigating the physical characteristics 
of this mighty stream, Mr EUet found — Is^, That the average 
surface velocity in the centre of the river was five miles per 
hour, and occasionally the speed reached seven miles per hour; 
26?, By using under-current floats, he found that the speed 
of a float, supporting a line of fifty feet long, was always 
greater than that of the surface float — the average increase 
of velocity being 2 per cent. ; 3d, The results of the experi- 
ments made, lead him to conclude that the mean velocity of 
the Mississippi is about 2 per cent, greater than the mean 
surface velocity ; ith, In coming to this conclusion, no ae- 

and River Engineering : being the article " Inland Navigation/' from the 
eighth edition of the " Encyclopaedia Britannica/' hy David SteveiiBon» Civil 
Engineer. A. & C. Blaclc. Edinburgh, 1858. 
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connt is taken of such observations as show remarkable under- 
currents, the velocity of which were in some places found to 
be 17 per cent., and 20^ per cent, greater than the surface 
velocities ; 5ihj While the mass of water which the channel 
of the Mississippi bears is running downwards with a central 
velocity, the current next the shore is sometimes found to be 
running upwards, or in the opposite direction, at the rate 
of one to two miles per hour; Qth, While the water is running 
downwards in the one side of the river, it is often found with 
an appreciable slope, and visible current running upwards on 
the other side of the river ; 7th, The surface of the river is 
therefore not a plane, but a peculiarly complicated warped 
surface, varying from point to point, and inclining alternately 
from side to side. 

" The chief object of the investigations made by Mr EUet 
was tlie prevention of floods, which have recently increased 
both in number and extent. This he attributes — 

"First, To extended cultivation, by which evaporation 
is supposed to be diminished, the drainage increased, and 
the floods hurried forward more rapidly into the country 
below. 

" Secondly, To the extension of the embankments along 
the banks of the Mississippi and its tributaries, by which 
water that was formerly allowed to spread is now confined to 
the channel of the river. 

" Thirdly, To what are termed cut-oiTs, or straight cuts, 
by which the distance is shortened, and the slope and velo- 
city increased, so that the water is brought down more rapid- 
ly from the country above. 

" Fmirihly, To the gradual extension of the delta into the 
sea, so as to lengthen the lower course of the river, to dimi- 
nish the slope and velocity, and thus to throw back the 
water on the land above. 

" The works suggested for protecting the country against 
floods are — 

** First, More suiBficient embankments. 

" Second, The prevention of further cut-offs, or works for 
litzaightening the upper parts of the tributaries of the river. 
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" Third J The enlargement of the seaward channels or out- 
lets ; and, 

^^ Fourth, The creation of large artificial reservoirs, by 
placing dams across the out-lets of the lakes or distant tribu- 
taries, so as to compensate for the loss of the natural overflow 
of the water, which is checked by the embankments for pro- 
tecting the country in the lower part of the river." 
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CHAPTER IV. 

STEAM NAVIGATION. 

Introdaetion of Steam Navigation into the United States— Difference be* 
tween the Steam Navigation of America and that of Europe — 
Three classes of Steamers employed in America — ^Eastern Water, West- 
ein Water, and Lake Steamers — Characteristics of these different classes 
—Steamers on the Hudson — Dimensions of the " Rochester'*— Construc- 
tion of the Hulls of the American Vessels — Arrangement of the Cabins 
— Engine Framing — Engines — Beams — Mode of Steering — Rudder — 
Sea-Boats — Dimensions of the " Naragansett" — Cabins — Engines — 
Paddle- Wheels — ^Boilers — Maximum speed of the ** Rochester" — Power 
of the Engines — Mississippi Steamers — Their arrangement — Engines — 
Boilers — Lake Steamers — St Lawrence Steamers — Explosions of Steam- 
, Boilers — Table of the Dimensions of several American Steamers. 

Since the following chapter was written, a vast revolution 
kui taken place in the art of steam navigation. The prac- 
ti^bllity of performing long ocean voyages in steamers is 
now no longer a problem to be solved, while the invention of 
forew propulsion has rendered steam-power applicable, and 
tten advantageous, for our colliers and other vessels used for 
otnying heavy goods. No doubt the same revolution has, 
to a ^eater or less degree, affected steam navigation in 
America, in so far as its extension to sea-going vessels is 
eonoemed ; but the remarks contained in the following pages 
xefer entirely to the river and lake navigation, and seem to 
me to possess an interest from the fact, that since the date 
•1 wliich they were written, we have in this country intro- 
doced fast-sailing river steamers, in which the high speed is 
attained by means of the same arrangements which were 
fliiginally introduced in the United States, viz., — a light 
tpSd of hull, fine lines, a long stroke, large paddle-wheels, 
^. JIM IP<we] ol engines. I think it best, therefore, to give 
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lapter as it was originally written, reminding the reader 

t docs not embrace the subject of American ocean 

crs, and that it refers to the river steam navigation of 

, the general management and arrangement of which, I 

no doubt, is pretty much the same at the present time. 

hatever differences of opinion may exist as to the actual 

ntion of the steamboat, there is no doubt that steam 

igation was first fully and successfully introduced into 

. use in the United States of America, and that Fulton, a 

ive of North America, launched a steam- vessel at New 

rk in the year 1807 ; while the first successful experiment 

Europe was made on the Clyde in the year 1812, before 

lich period steam had been, during four years, generally 

led as a propelling power in the vessels navigating the 

[udson. 

The steam navigation of the United States is one of the 
nost interesting subjects connected with the history of 
N'orth America, and it is strange that hitherto we should 
have received so little information regarding it, especially 
as there is no class of works, in that comparatively new and 
Btill rising country, which bear stronger marks of long-con- 
tinued exertion, successfully directed to the perfection of 
its object, than are presented by many of the steamboats 
which now navigate its rivers, bays, and lakes. 

It would be improper to compare the present state of 
steam navigation in America with that of this country, for 
the nature of things lias established a very important dis- 
tinction between them. By far the greater number of the 
American steamboats ply on the smooth surfaces of rivers, 
sheltered bays, or arms of the sea, exposed neither to waves 
Dor to wind; whereas most of the steamboats in this country 
go out to sea, where they encounter as bad weather and as 
lieavy waves as ordinary sailing vessels. The consequence 
is, that in America a much more slender huilt, and a more 
Jelicate mould, give the re(|uisite strength to their vessels, 
and thus a much greater speed, which essentially depends 
upon these two qualities, is generally obtained. In America, 
the position of the machinery and of the cabins, which are 
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raised above the deck of the vessels, admits of powerful 
Engines, with an enormous length of stroke being employed 
to propel them ; but this arrangement would be wholly in- 
applicable to the vessels on our sea-coasts, at least to the 
extent to which it has been carried in America. 

But perhaps the strongest proof that the American vessels 
are very differently circumstanced from those of Europe, and 
therefore admit of a construction more favourable for the at- 
tainment of great speed, is the fact that they are not generally, 
88 in Europe, commanded by persons possessed of a know- 
ledge of seamanship. In this country steam navigation 
produces hardy seamen ; and British steamers, being exposed 
to the open sea in all weathers, are furnished with masts and 
sails, and must be worked by persons who, in the event of 
any accident happening to the machinery, are capable of 
sailing the vessel, and who must therefore be experienced 
seamen. The case is very different in America, where, with 
the exception of the vessels navigating the Lakes, and one or 
two of those which ply on the eastern coast, there is not a 
steamer in the country which has either masts or sails, or is 
commanded by a professional seaman. These facts forcibly 
show the different state of steam navigation in America, a 
state very favourable for the attainment of great speed, and 
a high degree of perfection in the locomotive art. 

The early introduction of steam navigation into the country, 
and the rapid increase which has since taken place in the 
number of steamboats, have afforded an extensive field for 
the prosecution of valuable inquiries on this interesting sub- 
ject; and the builders of steamboats, by availing themselves 
of the opportunities held out to them, have been enabled to 
make constant accessions to their practical knowledge, which 
haye gradually produced important improvements in the 
constraction and action of their vessels. But on minutely 
examining the most approved American steamers, I found 
it impossible to trace any general principles which seem to 
liaye served as guides for their construction. Every Ameri- 
oan iteamboat-builder holds opinions of his own, which are 
fjOBeraUj founded, not on theoretical principles, but on de- 
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ductions drawn from a close examination of the practical 
effects of the different arrangements and proportions adopted 
in the construction of different steamboats, and these opinions 
never fail to influence, in a greater or less degree, the built 
of his vessel, and the proportions which her several parts 
are made to bear to each other. 

In 1825, about thirty hours were occupied by the steam- 
boats on the Hudson in making their passages from New 
York to Albany, a distance of about one hundred and fifty 
miles, which is at the rate of only ^yb miles per hour. Pas- 
sengers were then conveyed in barges, towed by steamboats, 
to avoid the danger which, according to the following extract 
from an advertisement of the sailing of the vessels, seems at 
that time to have attended the steam navigation of the 
country : — " Passengers on board the safety barges will not 
be in the least exposed to any accident which may happen 
by reason of the fire or steam on board of the steamboats. 
The noise of the machinery, the trembling of the boat, the 
heat from the furnace, boilers, and kitchen, and everything 
which may be considered as unpleasant or dangerous on 
board of a steamboat, are entirely avoided." These "safety 
barges," however, have been entirely laid aside, and the 
voyage between Albany and New York was, in 1837, when 
I visited the country, generally performed in ten hours, ex- 
clusive of the time lost in making stoppages, being at the 
rate of fifteen miles per hour. They have effected this 
great increase of speed by constantly making experiments 
on the form and proportions of their engines and ves- 
sels — in short, by a persevering system of trial and error, 
which is still going forward ; and the natural consequence 
is, that, no two steamboats are alike, and few of them have 
attained the age of six months without undergoing some 
material alterations. 

These observations apply more particularly to the steamers 
navigating the Eastern waters of the United States, where 
the great number of steamboat-builders, and the rapid in- 
crease of trade, have produced a competition which has led 
to the construction of a class of vessels unequalled in point 
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of speed by those of any other quarter of the globe. The 
original construction of most of these vessels has, as already 
stated, been materially changed. The breadth of beam and 
the length of keel have in some vessels been increased, and 
in others they have been diminished. This mode of pro- 
cedure may seem rather paradoxical ; but in America it is 
no uncommon thing to alter steamboats by cutting them 
through the middle, and either increasing or diminishing 
their dimensions as the occasion may require. It is only a 
short time since many of the steamboats were furnished 
with false bows, by which the length of the deck and the 
rake of the cutwaters were greatly increased. On some 
vessels these bows still remain ; from others they have been 
removed, subsequent experiments having led to the conclu- 
sion, that a perpendicular bow without any rake, as shown 
in Plate II., fig. 1, is best adapted for a fast sailing boat. 
When I visited the United States in 1837, the " Swallow " 
held the reputation of being one of the two swiftest steamers 
which had ever navigated the American waters, and this 
Yessel had received an addition of twenty-four feet to her 
original length, besides having been otherwise considerably 
changed. Before these alterations were made on her, she 
was considered, as regards speed, to be an inferior vessel. 

The inferences which I was led to draw from these facts 
ore, that the great experiment for the improvement of steam 
navigation, in which the Americans had been engaged for 
thirty years, was not completed, and the speed at which they 
had succeeded in propelling their steam-vessels was likely 
to be still further increased ; and also that, in the construc- 
tion of their vessels, they had been governed by experience 
and practice alone, without attempting to introduce theoreti- 
cal principles, in the application of which, to the practice 
of propelling vessels, by the action of paddle-wheels on the 
water, numerous difficulties have hitherto been experienced. 

There are local circumstances connected with the nature 
of the trade in which the steamboats are engaged, and the 
WtttorB which they are intended to navigate, that have given 
to the employment of three distinct classes of vessels in 
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American steam navigation, all of which I had an oppor- 
tunity of sailing in and particularly examining. 

These steamhoats may he ranged under the following 
classification : — First^ Those navigating the Eastern waters. 
This class includes all the vessels plying on the Eiver Hud- 
son, Long Island Sound, Chesapeake and Delaware Bays, 
and all those which run to and from Boston, New York, 
Philadelphia, Baltimore, Charleston, Norfolk, and the other 
ports on the eastern coast of the country, or what the Ameri- 
cans call the Sea-hoard. Second^ Those navigating on the 
Western waters, including all the steamers employed on 
the Kiver Mississippi and its numerous trihutahes, including 
the Missouri and Ohio. Third, The steamers engaged in the 
Lake navigation. These classes of vessels vary very much 
in their construction, which has been modified to suit the 
respective services for which they are intended. 

The general characteristics by which the Eastern water 
boats arc distinguished, are, a small draught of water, great 
speed, and the use of condensing engines of large dimensions, 
having a great length of stroke. On the Western waters, 
on the other hand, the vessels have a greater draught of 
water and less speed, and are propelled by high-pressure en- 
gines of small size, worked by steam of great elasticity. The 
steamers on the Lakes, again, have a very strong built and 
a large draught of water, possessing in a greater degree the 
character of sea-boats than any of those belonging to the other 
two classes. They also differ in having masts and sails, with 
which the others are not provided. 

The steamboats employed on the Hudson River are the 
first belonging to the class of vessels navigating the Eastern 
waters of which I shall make particular mention. 

The shoals in the upper part of the river, produced by the 
Overslaugh which I formerly mentioned, have rendered it 
necessary that the steamboats employed on it should have 
a small draught of water. The great trade of the river, 
and the numerous passengers who are constantly travelling 
between New York and Albany and the intermediate towns, 
have also led to the adoption of separate lines of boats, one 
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for towing barges loaded with goods, and another devoted 
exclusively to the conveyance of passengers. The attaiu"- 
ment of great speed naturally became an important desider- 
atum in the construction of the vessels employed in carrying 
passengers ; and the success which has attended the efforts 
of the steamboat-builders to produce vessels, combining 
swiftness with efficiency and perfection of workmanship, is 
truly wonderful, and in the highest degree creditable. 

A table will be found at the end of this chapter, containing 
the dimensions of several of the steamboats running in Ame- 
rica, which I had an opportunity of examining when I visited 
the country in 1837. Among these the dimensions of several 
of the Hudson boats are given ; but in order to explain more 
clearly the general arrangement of their parts and mode of 
operation, I shall give in detail the dimensions of the steam- 
boat "Kochester," plying between New York and Albany. 
The elevation, plan, and water-lines of this vessel are shown 
in Plate II.* The most satisfactory observations which I 
was able to make relative to the maximum speed at which 
the American steamboats are capable of being propelled, 
were made during a passage in the " Kochester," which serves 
as a further motive for particularly describing her construc- 
tion. 

The " Rochester" measures 209 feet ten inches in length 
on her deck. This measurement applies also to tlie length 
of her keel, her stern-post and cut-water being perpendicular, 
as shown in Plate II. The maximum breadth of beam is 24 
feet. The projection of that part of the deck called tlic 
vheel-guards, shown in dotted lines in fig. 2, beyond the 
hull of the vessel, is 13 feet on each side. The maximum 
breadth of the vessel, measured to the outside of the paddle- 
wheels, is 47 feet. The depth of hold is 8 feet 6 inches. 
The draught of water, with an average number of passengers, 
18 four feet. The diameter of the paddle-wheels is 24 feet. 
The length of the float-boards, which are twenty-four in 
nnmbeTy is 10 feet, and their dip is 2 feet 6 inches. This 

* The lines of the steamers in Plates ir. and III. were laid down by my 
Mr Andrew Murray, from models which I brought from New York- 
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vessel is propelled by one engine, having a cylinder of 43 
inches in diameter, and the length of stroke 10 feet. The 
engine condenses the steam which works expansively, and is 
cut off at half stroke. 

The great competition that exists in the navigation of the 
Hudson produces constant racing between boats belonging 
to different companies; and this is not unfrequently attended 
with serious accidents. When the " Eochester" is pitched 
against another vessel, and at her full speed, the steam is 
often carried as high as forty-five pounds on the square inch 
of the boiler ; and the piston makes twenty-seven double 
strokes, or, in other words, moves through a space of 540 
feet per minute, or 6* 13 miles per hour. In this case the 
circumference of the paddle-wheels moves at the rate of 
23*13 miles per hour. In ordinary circumstances, however, 
the engine is worked by steam of from twenty-five to thirty 
pounds pressure on the square inch ; and in this case the 
piston makes about twenty-five double strokes per minute, 
moving through a space of 500 feet per minute, or 5*68 
miles per hour ; and the circumference of the paddle-wheel 
moves at the rate of 21*42 miles per hour. The rate at 
which the pistons of marine engines in this country (1837) 
move, seldom exceeds 210 feet per minute. The pistons of 
locomotive engines generally move at the rate of about 300 
feet per minute ; but both of their speeds are very far shoit 
of the velocity of the " Rochester's" piston. 

The hulls of almost all the American steamboats, espe- 
cially those which ply on the rivers, carrying no freight 
excepting the luggage belonging to passengers, are con- 
structed in a very light and superficial manner. They are 
built perfectly flat in the bottom, and perpendicular in the 
sides ; a cross section in the middle of the vessel, having 
the form of a parallelogram, with its lower comers rounded 
off, as sliown by the cross sections in Plato II. This con- 
struction of hull is well adapted to a navigation where the 
depth of water is small, and the attainment of great speed 
is an object of importance, as it insures a smaller draught 
of water, and consequently affords less resistance to the 
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motion of the vessel than any other mould which has an 
equal area of cross section below the water-line ; but vessels 
built in this way, without a deep keel, having no hold of 
the water, are not well adapted for making sea- voyages, as 
they cannot resist the effect of the wind, which causes them 
to make lee-way. It is only the great breadth of the paddle- 
wheels and power of the engines which enables the Ameri- 
can boats to move steadily througli the water. The breadth 
of the paddle-wheels is, in fact, so much additional breadth 
added to the beam of the vessel ; for the reaction of the 
float-boards striking the water tends, in some measure, to 
counteract any tendency that the vessel may have to roll, 
which would otherwise be very apt to take place in the 
American steamers, where the machinery and boilers are 
placed above the level of the deck. There is no rolling 
motion felt in these fast boats. The rectilinear motion, 
however, is by no means regular. Every stroke of the 
engine produces a momentary acceleration in the speed, 
giving rise to a see-saw motion, resembling that of a row- 
boat, in which the impulse produced by every stroke of the 
oars is distinctly felt. 

In the American steamers the keel generally projects 
from two to six inches from the bottom of the hull, and is 
level from stem to stern. Its principal service, when the pro- 
jection is so small, consists in strengthening the hull. The 
deck-lines of the hull, in general, begin to fall in at a dis- 
tance of a few feet from the middle of the vessel. They 
approach each other with a gentle curve, as shown in Plate 
II., fig. 2, towards the stern and bow, where they meet, 
and are connected by the stern-post and cutwater of the 
vessel. The cutwater is generally perpendicular, and the 
sides of the vessel, diverging from it, present a very acute 
angle to meet the resistance offered by the water. The 
angle formed by the sides of the "Kochester" is about 
twenty degrees at the level of the water, and decreases to 
about ten degrees at the level of the keel. 

The engine and paddle-wheels are placed in a frame- 
work of wood, to which they are attached by strong fixtures. 
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This frame-work is generally a specimen of substantial and 
excellent workmanship. The timbers of which it is com- 
posed are arranged so as to form the frustum of a pyramid. 
The apex of the framing is elevated above the deck and 
paddle-wheels, and supports the beam of the engine, while 
its base rests on the flooring timbers of the hull. In 
this way the weight of the machinery is distributed over a 
large surface of the bottom, the weak construction of that 
part of the vessel rendering such an arrangement absolutely 
indispensable to her safety. Iron rods, fastened to the 
timbers of the vessel, extend fore and aft from the upper 
part of the beams forming the engine framing. These iron 
ties give support to the bow and stem, which, if not braced 
up in the manner described, invariably sink or settle down 
in the course of a few months, owing to the slim built and 
great length of the hull. Screws and nuts are generally pro- 
vided, by which the ties can be tightened up, should any 
yielding take place in the wood-work of the vessel. 

At the height of about five feet above the surface of the 
water, the hull is covered with a deck. It is made some- 
what in the form of an ellipse, as shown by the dotted lines 
in Plate II. Its vertices rest on the stem-post and cut- 
water of the vessel, while its sides, expanding beyond the 
hull, overhang the water, and the bulwarks of the vessel are 
erected on its circumference. The part of the deck over- 
hanging the water is called the " wheel-guards," and in 
some vessels it has a projection of 18 or 20 feet from the 
sides. In the " Eochester," the projection, as I have 
already said, is 13 feet. The wheel-guards are formed so as 
to enclose the paddle-wheels, which work in spaces left in 
them for that purpose, marked b in Plates II. and III. 
The inner plumber-blocks and paddle-wheel axles rest on 
the timbers of the vessel, and the exterior ones on the outer 
edges of the guards. 

A large cabin, serving the double purpose of the gentle- 
men's sleeping apartment and the public dining-room, is 
formed in the hull of the vessel. It is entered by a stair 
leading from the first deck. It generally extends nearly 



STEAM NAVIGATION. 79 

From stem to stem, and is elegantly fitted up. The ladies* 
oahia is oil a level with the first deck, from which it enters. 
This deck is covered with a roof extending from the paddle- 
wheels to the stem of the vessel, the top of which forms a 
higher deck, raised ^.bout sixteen feet ahove the level of the 
water, called the promenade-deck. The general arrangement 
of these vessels will be best understood by referring to Plate 
rV., which is a perspective view of the steamboat " Swallow." 

The vessels propelled by two engines carry two boilers 
and four funnels, and have a very extraordinary appearance. 
The vessels of modem construction, however, have generally 
only one engine, with two boilers and two funnels, as shown 
in the Plate of the " Swallow." The boilers are on a level 
with the lower deck, and rest on the wheel-guards, one 
being placed on either side of the vessel. The cylinder, 
which also stands on a level with the first deck, is placed in 
the centre of the vessel, between the two boilers. The con- 
denser and pumps are situate in the hull of the vessel, in 
the middle of the large cabin, from which they are separated 
by a partition. 

Engines working with side-rods, connected by a cross- 
head, which is attached to the end of the piston-rod, and 
moves in vertical slides, are occasionally employed in the 
steamboats which navigate the Eastern waters. The beam- 
engine is, however, much oftener used. The length of 
stroke adopted by the Americans for their marine engines 
is veiy much greater than I have ever found in Euroi)e. 
This renders it necessary that the main centres of the 
engine, or the pivots on which the beam performs its 
motion, should be placed at a considerable elevation above 
the promenade-deck. The working-beam, therefore, is quite 
exposed, and is elevated above every other part of tlie vessel, 
Cixoepting the tops of the funnels, as is shown in Plate IV., 
forming one of the most prominent and striking parts of an 
American steamboat, and presenting, as may naturally be 
sapposed, a strange effect to those accustomed to see Euro- 
pean steamboats only, in which no part of the machinery 
TunUe even from the deck of the vessel. The beams 
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Engines working with side-rods, connected by a cross- 
head, which is attached to the end of the piston-rod, and 
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engine, or the pivots on which the beam performs its 
motion, should be placed at a considerable elevation above 
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constructed wholly of malleable iron, in the manner shown 
in the following diagram — ^in which a is the main centre. 




and h and c the points to which the piston and connecting 
rods are attached. This construction combines lightness 
with strength and rigidity, and is found to act very well. 

The arrangement of the decks and machinery which I 
have just described, and which is represented in Plates IV. 
and v., renders the vessel's course, when she is under weigh, 
quite invisible from her stern, and consequently it is impos- 
sible to steer her from that part of the ship ; but the wheel 
by which the rudder is moved is placed in a wheel-house, 
erected for the pilot on the fore part of the promenade-deck, 
and in some instances at a distance of nearly 200 feet from 
the stern of the boat. The steersman, by this arrangement, 
stands so far forward in the vessel, and in so elevated a situa- 
tion, that he cannot easily discover when the vessel swerves 
from her course, without the assistance of a tall perpendicu- 
lar pole, placed at the bow, in the manner shown in the plates. 
On this he keeps his eye, and by narrowly observing its 
position in relation to some fixed object at a distance, he 
readily detects the smallest deviation from the course. 

The motion produced by moving the wheel is communi- 
cated to the rudder by ropes working in a series of grooved 
pulleys. The application of ropes for this purpose has, on 
several occasions, in cases of fire, been attended with most 
unhappy results. During my stay in America, a steamboat 
on the Mississippi, called the " Ben Sherod," took fire, and 
upwards of one hundred lives were lost, in consequence of 
the vessel's becoming unmanageable, owing to the rudder 
ropes being burned. Iron rods and chains have lately been 
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introdnced inetead of ropes, and will doubtless Boon come 
into general use. 

The rudder in general measures about G feet in do[it!i, and 
8 feet in length. It moves on pivots, wliich work in gud- 
geona fixed to the stern of the vessel, and tiius fur resembles 

the rudder used in all sea-vessela. The -t- ^. f- . 

ropes, however, by which it is put in rao- 'rr, L^^^/'- 

tion, are made fast to the outer extremity f^ J^'y^^ - 

of the rudder, in the manner shown in i^r 

the annexed diagram ; and in fhia way (- I 

the tiller, which takes up much room, is I'J 

altogether dispensed with. fet yj ^ ^ ; 

This mode of steering in an elevated sitnalion, near the 
bow of the vessel, is peculiarly well adopted for steamers navi- 
gating narrow rivers, such as the Thames, on which, indeed, 
it is now sometimes employed, but on the whole, it seems 
strange that its adoption in this country is not more general. 

The foregoing remarks regarding the coiistniction of the 
ateamers refer particularly to those vessels which ply on the 
rivers on the eastern coast of the United States. Those 
used on the bays and sounds, called sea-boats by the Ameri- 
cans, are somewhat different in their construction, their liulls 
and machinerj' being more strongly made, and their draught 
t£ water considerably greater. The river-boats draw from 
fbnr to six feet of water, and the sea-boats from fii-e feet six 
inches to nine feet ; but still tbo machinery and boilers, as 
well as a great part of the cabin accommodation in that class 
(rf steamers, is elevated above the level of tbo deck ; an ar- 
luigement which seems veiy ill adapted for vessels exposed to 
the heavy gales and rough seas of the ocean. The host speci- 
mens of the American sea-boats are those which ply between 
New York and the ports of Providence and Charleston. 

Thefinest of these sea-boats, and indeed the finest steamer 
wliich I saw in the United States, ia the "Narrogansott," 
plying between New York and Providence, which is shown 
in Plate HI. Fig. 1 ia an elevation of the hull ; fig. 2 a 
plftn ; and fig. 3 shows her water-lines. It could hardly be 
ondited from a mere examination of the drawings, that this 
d2 
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vessel plies regularly from New York to Providence. By 
inspecting the map, it will be seen that, during the fifty 
miles of this voyage, extending between New London and 
Newport, she is quite exposed to the roll of the Atlantic 
Ocean ; and notwithstanding this, she makes her passages 
with great speed and regularity. 

The ** Narragansett " measures 210 feet in length of keel, 
and 26. feet in maximum breadth of beam. The depth of 
her hold is 10 feet 7 inches, and her draught of water is 4 
feet 6 inches without the keel, and 5 feet with the keel, 
when she has her average load on board. She is built en- 
tirely of oak, and is strengthened by diagonal straps or ties 
of iron which connect her timbers. The vessel is propelled 
by one condensing engine, which works expansively, cutting 
off the steam at half stroke. The condensation of the steam 
in this engine, as well as in most of the American marine 
engines, is produced by the injection of a jet of cold water 
into the condenser. She carries two boilers, in which an 
aggregate amount of 3000 square feet of surface is exposed 
to the fire, and works with steam of a pressure varying, ac- 
cording to circumstances, from twenty to twenty-five 
pounds on the square inch. The cylinder is placed hori- 
zontally, and is 56 inches in diameter ; the length of the 
stroke is 11 feet 6 inches, and the piston makes twenty-four 
double strokes per minute, so that its average motion in the 
cylinder is at the rate of no less than 6*27 miles per hour. 
The diameter of the paddle-wheels is 25 feet, and, as they 
perform twenty-four revolutions in the minute, the motion 
of the periphery is at the rate of 21*4 miles per hour. The 
breadth of the " Narragansett's " paddle-wheels is 11 feet, 
and their dip 2 feet 2 inches. The diameter of the paddle- 
wheel axle on which they are keyed is 13 inches. 

The cabins of the sea-steamers are of great size, and their 
accommodation for passengers is excellent. In most of 
tliem about four hundred berths are provided. The principal 
cabin in the " Massachusetts," a vessel running on the line 
between New York and Providence, is 160 feet in length, 
about 22 feet in maximum breadth, and 12 feet in height ; 
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and, what adds greatly to its convenience and capacity, it is 
entirely unbroken by pillars or any other obstruction tbrougli- 
ont its whole area. I have dined with 175 persons in this 
cabin; and, notwithstanding this numerous assembly, the 
tables, which were arranged in two parallel rows extending 
from one end of the cabin to the other, were far from being 
fully occupied; the attendance was good, and everything 
was conducted with perfect regularity and order. There are 
112 fixed berths ranged round this cabin, and about 100 
temporary berths can be erected in the middle of the floor. 
Besides these, there are 60 fixed berths in the ladies' cabin, 
and several temporary sleeping-places can be erected in it also. 
The cabin of the "Massachusetts" is by no means the largest 
in the United States; some steamers have cabins upwards of 
175 feet in length. Those large saloons are lighted by the ar- 
gand lamps suspended from the ceiling, and their appearance, 
when brilliantly lighted up and filled with company, is very 
remarkable. The passengers generally arrange themselves in 
parties at the numerous small tables (into which the large 
tables are converted after dinner), and engage in different 
amusements. The scene resembles much more the Coffee- 
room of some great hotel than the cabin of a floating vessel. 
I found no variety in the construction of the paddle-wheels 
of the different American steamboats. They are all made in 
the manner represented in the following diagram. The 
i^kes are made of wood, and bolted into cast-iron flanges 
'which are keyed to the axle of the paddle-wheel ; their outer 
ends are connected together by bands of iron encircling the 
eircumference of the wheel. The float-boards, which are 
formed of hard wood, are attached to the spokes simply 
J>y bolts. The float-boards do not extend across the 
whole breadth of the paddle-wheel, as is always the 
ease in this country. They are divided into two, and 
■ometimes three compartments, and the wheel is furnished 
witb. three and sometimes four sets of spokes arranged in 
puvllel planes. " This construction was introduced by Mr 
StoreDB of New York, and may be described," says Dr Ken- 
wick, " by supposing a common paddle-wheel to be sawn into 
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three parta in places perpendicular to its axis Each of the 
two additional wheels that are thue foimed, is then moved 




hack, until their paddlea divide the interval of the paddles 
on the original wheel into three equal parts 

" In this form the shock of each paddle la diminished to 
one-third of what it is m the usual shape of the wheel; they 
aro separated by less intervals of time, and hence approach 
more nearly to a constant resistance , while each paddle, fol- 
lowing the wake of those belonging to its own system, strikes 
upon water that has heen hut little disturbed. "* 

In some of the Western water hoats, which are often very 
deeply laden, the paddle-wheels are constructed with move- 
able float-boards, so that their dip may be increased or dimi- 
nished to suit tlie draught of water; but this construction, 
BO far as I know, is not in use in aoy other part of the country. 

The American steamers have usually only one engine, 
and a counter-balance, attached to the paddle-wheels, is in 
some cases found necessarj', to enable it to turn its centrea, 
The great length of the stroke, however, allows time for a 
degree of momentum to be generated, which is sufflcient 
in most cases to carry the engine past its centres, and fail- 
ing this, the paddle-wheels, from their large diameter, be- 
come good generators of momentum, and act in the same way 
as the fly-wheels of land engines in regulating their motion. 
Even in those vessels where two engines are employed, 
their connecting-rods are not attached to the same axle; 
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each engine works quite independently of the other, and drives 
only one of the paddle-wheels ; whereas in tliis country the 
connecting-rods of both engines are attached to the same 
axle, by cranks placed at right angles to each other, so that 
one engine is exerting its full power at the very moment when 
the other is expending none of its force, and the power is thus 
employed in the most advantageous manner for keeping up 
the speed. The short stroke and comparatively small diame- 
ter of the paddle-wheels in European boats, render this con- 
struction necessary to enable engines to pass their centres. 

The general construction of the boilers, and the arrange- 
ment of the flues, in the steamboats on the Eastern waters, 
resemble in a great measure those of European steamers. 
The flame and smoke from the fire-place pass through flues 
in the interior of the boiler, and are afterwards discharged 
into the funnel. The boilers are strengthened in the usual 
manner, by means of iron braces or ties, arranged so as to 
form a strong connection between the interior surfaces, and 
thus render them more capable of resisting the expansive 
force of the st^am, which has a tendency to tear them 
asunder. Copper was, until lately, very generally employ- 
ed in America for the construction of the boilers of sea- 
going vessels, this metal being less liable than iron to 
be acted on by the saline deposits. By means of some 
improvements which have lately been introduced, these 
deposits are prevented from collecting in iron l)oilers to any 
dangerous extent, and the difference of expense is so much 
in favour of iron, that it has now been adopted instead of 
copper, in the sea, as well as in the river boats. The means 
nsed in America for checking the deposit which takes place 
in boilers from the use of salt-water is the same as that 
generally employed in this country, namely, by "blowing 
oflf," an operation which is performed every two or three 
boors, while the boat is running, without stopping her 
progress. A valve in the bottom of the boiler being open- 
ed, part of the water is permitted to escape, which, in its 
rush from the boiler, disturbs any deposit that may have 
taken place on its bottom, and carries it off. 



86 STEAM NAVIGATION. 

The speed of the AmericaD steamboats has excited con- 
siderable wonder in this country; and some people have 
been inclined to doubt the accuracy of the statements that 
have frequently been made regarding the extraordinary 
feats performed by them. Fast sailing is a property, how- 
ever, which is not possessed by all American steamboats ; 
but that a few of those navigating the Kiver Hudson and 
Long Island Sound perform their voyages safely and regu- 
larly, at a speed which far surpasses that of any European 
steamer hitherto built (1837), every impartial person, who 
has had an opportunity of seeing the performances of the 
vessels in both countries, must be ready to admit. 

Some difficulties at present exist, which preclude the 
attainment of more than an approximation in ascertaining 
the maximum rate at which the steamboats on the Hudson 
are propelled in still water. One of these is caused by the 
currents of the flowing and ebbing tide, which are felt as 
far as Albany, and whose velocity has never been accurately 
ascertained, and the other by the doubt that exists as to the 
actual distance of the route between New York and Albany, 
which has been variously stated at from 145 to 160 miles. 
The road between these towns runs nearly parallel to the 
river, and is said to be 1G2 miles in length. In the Ameri- 
can Almanac for 1837, the town-house of New York is 
stated to be in north latitude 40° 42* 40", and west longi- 
tude (from Greenwich) 74° 1' 8", and that of Albany in 
north latitude 42° 39' 3"^ and west longitude 73° 44' 49% 
which makes the distance between the two places, as the 
crow flies, 134*5 statute miles. The navigable channel of 
the Hudson, however, is by no means straight; its direction 
ranges over fifteen points of the compass, from W. to 
E.N.E., including an angle of 157° 30*. Mr Iledfield of 
New York, who has bestowed much attention on the sub- 
ject of steam navigation, is of opinion that the length of 
the steamboat route is 150 miles, being 15*5 miles greater 
than the distance measured by a straight line drawn between 
the two places.* This may be regarded as a near approxi- 
* Professor Silliman*8 Joanial, vol. xxiii. n. 312. 
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mation to the truth. The same difficulties occur regarding 
the length of the routes performed by tlie boats on Jjong 
Island Sound, and the strength of the tidal currents encoun- 
tered by them. It is quite evident tliat until these facts are 
accurately ascertained, it is impossible, without a series of 
experiments made solely with that object in view, to dis- 
cover what is the actual speed attained by American steam- 
boats. A very general opinion exists in America on this 
subject, in which many persons i)ossessing tlie best means 
of information concur, that the fast steamboats can be pro- 
pelled at the rate of eighteen miles an hour in still water, 
a feat which it is said has of late been often performed. I 
cannot vouch for the accuracy of this statement, however, 
from personal experience or obsei-vation ; but tliis I can 
state positively, that the average length of time occupied 
by the steamers in making the voyage from New York to 
Albany is ten hours, exclusive of time lost in making 
stoppages, which, taking the distance at loO miles, gives 
fifteen miles an hour as their average speed. 

The " Eochester" and the " Swallow" were said to be the 
two swiftest boats running on the Hudson in 1837. I made 
a taip from Albany to New York in the " Rochester," on the 
14th of June, on which occasion, with a view to test the 
yessers speed, I carefully noted the hour of departure from 
Albany, the times of touching at the several towns and land- 
ing places on thfe river, with the reputed distances between 
them, the number of minutes lost at each place, and the 
hour of arrival at New York. Thirteen stoppages, which I 
found to average three minutes each, were made to land and 
take on board passengers. The " Eochester" performed the 
voyage in ten hours and forty minutes. From this, thirty- 
nine minutes must be deducted for the time lost in making 
the thirteen stoppages, which leaves ten hours and one 
minute as the time during which the vessel was actually 
occupied in running from Albany to New York. Assuming 
the distance between those places to be 150 miles, the aver- 
age speed of the vessel throughout the trip was 14*97 miles 
per hour, but even if we assume the distance to be only 145 
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miles (the shortest distance I have ever heard stated), which 
there is every reason to helieve is too small, the average rate 
is still 14-47 miles per hour, the difference of five miles in 
the length of the route, producing a diminution in the 
vessel's average rate of sailing of but half a mile per hour. 
The current was in the " Eochester's" favour during the first 
part of the voyage, but the Overslaugh shoals, and the con- 
tracted and narrow state of the channel of the river for about 
thirty miles below Albany, checked her progress very much ; 
and, consequently, for the first twenty-seven miles her speed 
was only 12-36 miles per hour. This was her average rate 
of sailing during the part of her course when her speed was 
slowest. After the first thirty miles the river expanded, 
affording a better navigable channel, when her speed gradu- 
ally increased, and before the flowing tide checked her pro- 
gress the vessel attained the maximum velocity indicated by 
my observations, which, between two of the stopping places, 
was 16-00 miles per hour. When going at this speed it is 
possible that she was influenced by some slight degree of 
current in her favour, although it was quite imperceptible to 
the eye, as the flow of the tide appeared to produce a stagna- 
tion in the water of the river. At West Point we encounter- 
ed the flood tide, as was very distinctly proved by the swing- 
ing of the vessels which lay at anchor in the river. After 
this we had an adverse current all the way to New York, a 
distance of about fifty miles, and the vesseFs speed during 
this part of the voyage averaged 14-22 miles an ^ hour. 
About one-half of the voyage was thus performed with a 
favourable current, and the other half was performed under 
unfavourable circumstances, owing partly to the shallowness 
of the water and the narrowness of the channel in the upper 
part of the river, and partly to an adverse tide in the lower 
part of it. When the Kochester is pitched against another 
vessel, and going at her full speed, her piston, as formerly 
stated, makes twenty-seven double strokes per minute. On 
the voyage above alluded to, however, the piston, on an aver- 
age, made about twenty-five double strokes per minute, so 
that the speed of 14*97 miles per hour, which she attained 
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on that occasion, cannot be taken as her greatest rate of sail- 
ing. During the time, however, at which her speed was 
16"55 miles per hour, her piston was making twenty-seven 
double strokes per minute, and at that time the vessel could 
not be far from having attained the maximum speed at which 
her engines are capable of propelling her through the water. 
The rate of sixteen and a half miles an hour is very great, 
but perhaps not more than is due to the form of the vessels, 
and the power of the engines by which they are propelled. 
The " Eochester" draws only four feet of water, but the 
power of her engine is greater than tbat of any steamer in this 
country (1837). The construction of the American marine 
engines is so different from that adopted in Europe, that it 
is doubtful if the same rule for calculating the power is ap- 
plicable in both cases. In the following calculations, tbe 
deductions for the friction and for the difference between the 
pressure exerted by the steam in the boiler and in the 
cylinder, as well as the advantage that is derived from the 
use of a condenser, are in accordance with what has been 
stated by American engineers, who are best able to judge of 
the power of their own engines.* The diameter of the 
Bochester's piston is 43 inches, and its area is 14o2-2 square 
inches. The pressure of the steam in the boiler is 451b. on 
the square inch ; and the engine works expansively, and cuts 
off the steam at half stroke. The half of that pressure, or 
22'51b., is assumed as the pressure acting on the square inch 
of the piston. To this, 101b. is added as the pressure of the 
atmosphere obtained by the use of the condenser, making 
the whole effective pressure on every square inch of the 
piston's area 32-51b. The length of the stroke is 10 feet, 
and, when going at full speed, the piston makes 27 double 
strokes, or, in other words, moves through the space of 540 
feet every minute. Estimating the power of a horse as equal 
to that exerted in raising 33,0001b. 1 foot per minute, the 
power of the engine is obtained by the following expression : 
1452-2 X 32-5 X 540 _ 25486110 _^^o.o 
33000 "■ 33000 

From this it appears, that a force is exerted upon the engine 

* Professor Silliman's Journal, vol. xziii. p. 315 
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equal to that of 772*3 horses ; but one-third of this power is 
supposed to be expended in working the pumps and over- 
coming the friction of the machinery, and a power of 514*8 
horses remains as the true force exerted in propelling the 
vessel. The " Narragansett," as formerly noticed, draws 
five feet of water, and the power of her engine, calculated on 
the same principles, and with the same deductions, is equal 
to that of 618 horses. If the calculation generally adopted 
in this country were applied to those engines, and only one- 
fourth of the power deducted, which appears to be an ample 
allowance for engines of that construction, the power of the 
" Eochester" would be equal to 748, and that of the " Nar- 
ragansett" to no less than 772 horses. 

The disturbance created by the passage of the fast Ameri- 
can steamers through the water is exceedingly small. The 
water, at the distance of twelve inches in front of their bows, 
presents a perfectly smooth and untroubled surface. A thin 
sheet of spray, composed of small globules of water, from 
apparently about an eighteenth of an inch in diameter, rises 
nejgrly perpendicularly in front of the cut-water to the height 
of three, and, in some cases which I have observed, as much 
as four feet, and falls again into the water on either side of the 
vessel. There is little or no commotion at the stem ; and 
the diverging waves which invariably follow the steamers in 
this country, and break on the banks of our rivers with con- 
siderable violence, are not produced by the fast boats in 
America. The waves in their wake are very slight, and, as 
far as I could judge, seem to be nearly parallel ; and the 
marks of the vessel's course cannot be traced to any great 
distance. These facts are quite in accordance with the result 
of some of Mr Russell's experiments, by which he was led to 
conclude that " the commotion produced in a fluid by a vessel 
moving through it, is much greater at velocities less than the 
velocity of the wave" (which is proportioned to the depth 
of the water), " than at velocities which are greater than 
it."* 



* Researches on Hydrodynamics, from the Transactions of the Royal 
'Society of Edinburgh for 1837. By John ScoU Russell, Esq. 
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Steamboats vere first introdnced on the Mississippi in the 
jear 1811, and in 1831 no less than 348 steamers had been 
built for the Western water navigRtion, 198 of which were 
then in actual operation. Since that time their number haa 
rapidly increased, with the increasing population and trade 
of the country, and in 1837 was said to be between 350 and 
400 ; but, so far as I know, no official statement regarding 
the Western water navigation has appeared since the publi- 
cation of the following table, which is taken from the Ame- 
rican Almanac for 1832, and contains a list of steamers up to 
that date, specifying those which have been worn out or have 
fceen lost to the service. 

WEOI.E NTUBEB OF STEAMBOATS BUILT ON TILE WESTERS 



When Built. 


Whuie 

Nu,nber. 


K-w 


^\■o'^Q Oa%. 


1811 


1 




1 


1814 


4 




4 


1815 


3 




.3 


1816 






2 


1817 


9 




<J 


1818 


23 




23 


1819 


27 




27 


1820 


7 


"l 


6 


1821 


6 


1 


5 


1822 






7 


1823 


13 


'l 


12 


182i 


13 


1 


12 


1825 


31 


]9 


12 


1826 


52 


3(5 


IG 


1827 


25 


19 


15 


18-28 


31 


28 


3 


182a 


53 


53 




1830 


30 


30 




1831 


9 


9 




348 


198 


150 
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Of the 198 boats now ranning — 



68 were built at Cincinnati. 


1 was 


built at Smithland. 


68 


Pittsburg. 


1 




Economy. 


2 


Louisville. 


6 




Brownsville. 


12 


New Albany. 


3 




Portsmouth. 


7 


Marietta. 


2 




Steubenville. 


2 


ZanesYille. 


2 




Beaver. 


1 


Fredericsburg. 


1 




St Louis. 


1 


Westport. 


3 




New York. 


1 


Silver Creek. 


1 




Philadelphia. 


1 


Brush Creek. 


10 




(Not known where.) 


2 


Wheeling. 








1 


Nashville. 


198 






2 


Frankfort. 









Of the whole number, 111 were built at Cincinnati, 68 of which were run- 
ning in 1831. 

Of the 160 lost or worn out, there were — 

Worn out, 63 

Lost by snags, 36 

Burned, 14 

Lost by collision, 3 

Bj other accidents not ascertained, ... 34 



Total, 



150 



Most of the vessels at present employed have been built 
on the banks of the Ohio, and a few at St Louis, on the 
upper part of the Mississippi, but, according to the above 
list, the building-yards which have produced the greatest 
number are those of Pittsburg and Cincinnati, on the Ohio. 
Pittsburg, although about 2000 miles from the Gulf of 
Mexico, is a place of great trade. Its population is 30,000 
persons, a great part of whom are employed in the construc- 
tion and management of steamboats ; and some idea may be 
formed of the extent of their trade, when I state that I have 
counted no less than thirty-eight steamboats moored oppo- 
site the town in the Monongahela, all of which were engaged 
in plying to and from the port. 

The vast number of vessels on the Western waters, the 
peculiarity of their construction, and the singular nature of 
the navigation in which they are employed, make them 
objects of considerable interest to the traveller. We must 
not expect to find, however, in that class of vessels, the same 



^ I 



STEAM NAVIGATION. 93 

display. of good workmanship, and the attainment of the high 
Yelocities, which characterize those on the Eastern waters. 
Such qualifications may be very easily dispensed with, and 
the want of them is by no means the worst feature in the 
western navigation ; but what is of far more importance, too 
many of the vessels are decidedly unsafe ; and, in addition 
to this, their management is intrusted to men whose reck- 
lessness of human life and property is equalled only by their 
ignorance and want of civilization. 

Economy would indeed seem to be the only object which 
the constructors of these boats have in view, and therefore, 
with the exception of the finery wliich the cabins generally 
display, little care is expended in their construction, and 
much of the workmanship connected with them is of a most 
enperficial and insufficient kind. When the crews of these 
fml fabrics, therefore, engage in brisk competition with other 
vessels, and urge the machinery to the utmost extent of its 
power, it is not to be wondered at that their exertions are 
often suddenly terminated by the vessel taking fire, and going 
to the bottom, or by an explosion of the steam-boilers. Such 
accidents are frequently attended with an appalling loss of 
life, and are of so common occurrence, that they generally 
excite little or no attention. During my stay in North 
America, a steamer called the "Ben Sherod," as already men- 
tioned, was burnt on the Mississippi, when 120 persons were 
reported to have lost their lives. I am happy in being able to 
add, that there is reason to believe that, in consequence of this 
accident, the Government of the United States have resolved 
to take some measures to insure the better regulation of this 
navigation, which has been too long neglected by them. 

The vessels on the "Western waters vary from 100 to 700 
tons burden, and are generally of a heavy built, to enable 
thesn to carry goods. They have a most singular appear- 
ance, and are no less remarkable as regards their machinery. 
Plate V. is a perspective view of one of them, taken from a 
Aetoh which I made on the Ohio. They are built fiat in 
the bottom, and generally draw from six to eight feet of 
vater. The hull is covered with a deck at the level of about 
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five feet above the water, and below this deck is the hold, in 
which the heavy part of the cargo ie carried. The whole of 
the machinary rests on the first deck ; the engines being 
placed near the middle of the vessel, and the boilers under 
the two funnels as shown in the drawings. The fire-doors 
open towards the bow, and the bright glare of light thrown 
out by the wood fires, along with the puffing of the steam 
from the escapement pipe, produce a most singular efiect at 
night, and serve the useful purpose of announcing the ap- 
proach of the vessel when it is still at a great distance. The 
chief object in placing the boilers in the manner described, 
is to produce a strong draught in the fire-place. The other 
end of the lower deck, which is covered in, and occupied by 
the crew of the vessel, and the deck passengers, generally 
presents a scene of filth and wretchedness that baffles all 
description. A stair-case leads from the front of the paddle- 
boxes on each side of the vessel, to an upper gallery about 
three feet in breadth. This surrounds the whole after-part 
of the vessel, and is the promenade of the inhabitants of the 
second deck. Several doors lead from the gallery into the 
great cabin, which extends from the funnels to within about 
thirty or forty feet of the stern of the vessel ; the aftermost 
space is separated from the great cabin by a partition, and 
is occupied by the ladies. The large cabin contains the 
gentlemen's sleeping berths, and is also used as the dining- 
saloon. This part of the Western steamers is often fitted up 
in a gorgeous style ; the berths are large, and the numerous 
windows by which the cabin is surrounded give abundance 
of light, and, what is of great consequence in that scorching 
climate, admit a plentiful supply of fresh air. 

From the gallery surrounding the chief cabin, two flights 
of steps lead to the hurricane deck, which, in many of the 
steamers, is at least thirty feet above the level of the water. 
The wheel-house, in which the steersman is placed, is erected 
on the forepart of this deck, and the motion is communicated 
to the helm by means of ropes or iron rods, in the manner 
already described in si)eaking of the Eastern steamers. 

The first cabin of a Mississippi steamboat is strangely con- 



STEAM NAVIGATION. 95 

irasted with the scenes of wretchedness in the lower deck ; 
and its splendour serves in some measure to distract the at- 
tention of its unthinking inmates from the dangers which lie 
below them. But no one who is at all acquainted with the 
steam-engine, can examine the machinery of one of those 
vessels, and the manner in which it is managed, without 
shuddering at the idea of the great risk to which all on board 
are at every moment exposed. 

The Western water steamers are propelled sometimes by 
one and sometimes by two engines. When two engines are 
used, the ends of the piston-rods work in slides, and the con- 
necting-rods are both attached to cranks on the paddle-wheel 
axle, placed at right angles to each other, as is the case in 
most of the steamers in this country. When only one en- 
gine is used, which is more generally the case, a large fly- 
wheel, from ten to fifteen feet in diameter, is fixed on the 
paddle-wheel- shaft, and serves to regulate the motion of the 
engine, and enable it to turn its centres. The cylinders are 
invariably placed horizontally, and the engines are always 
constructed on the high -pressure principle. 

The engines are generally very small in proportion to the 
-size of the vessel which they propel, and, to make up for 
their deficiency in volume, they are worked by steam of great 
elasticity. The "Eufus Putnam," for example, a pretty large 
vessel, drawing six feet of water, which plies between Pitts- 
burg on the Ohio and St Louis on the Mississippi, is pro- 
pelled by a single engine, having a cylinder 16 inches dia- 
kneter, and 5 feet 6 inches in length of stroke; but this engine 
is "worked by steam of a most dangerously great elasticity. 
The captain of the vessel informed me that, under ordinary 
circunistances, the safety-valves were loaded with a pressure 
equal to 138 lb. on the square-inch of surface, but that the 
steam was occasionally raised as high as 150 lb. to enable 
the vessel to pass parts of the river in which there is a strong 
current; and he added, by way of consolation, that this 
' amount of pressure was never exceeded except on extraordi- 
ntay occasions ! I made a short voyage on the Ohio in this 
tMsel, but after receiving this information, I resolved to 

LJhwve her on the first opportunity that presented itself. 
A- 
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The " St Louis," one of the newest boats on the Mississippi, 
is 230 feet in length of deck, and 28 feet in breadth of beam. 
She draws eight feet of water, and carries about 1000 tons. 
This vessel is propelled by two engines, with cylinders 30 inches 
in diameter, and 10 feet in length of stroke, worked by steam 
having a pressure of 100 lb. on the square inch of the boiler. 

Explosions, as may naturally be supposed, are of very fre- 
quent occurrence ; and, with a view to cure this evil, 
several attempts have, at different periods, been made to in- 
troduce low-pressure engines on the Western waters, but 
the cheapness of high-pressure engines, and the great sim- 
plicity of their parts, which require comparatively little fine 
finishing and good fitting, certainly afford reasons for pre- 
ferring them in a part of the country where good workmen 
are scarce, and where the value of labour and materials is 
very great. It must also be recollected, that a condensing 
or low-pressure engine takes up a great deal more space than 
one constructed on the high-pressure principle. I do not 
apprehend, however, that the number of accidents would be 
diminished by the simple adoption of low-pressure boilers, 
without the strict enforcement of judicious regulations ; and 
if those regulations were properly applied to high-pressure 
boilers, they would not fail to render them perhaps quite as 
safe as those boilers which are generally made for engines 
working on the low-pressure principle. One very obvious 
improvement on the present hazardous state of the Missis- 
sippi navigation, would be the enactment of a law that the 
pressure of the steam should in no case exceed perhaps 50 
lb. on the square inch. 

The boilers of these steamers are all tubular, and have 
circular flues in them, which permit the passage of the flame 
through the body of the boiler. Those of the St Louis are 
nine in number. They are 42 inches in diameter, and 24 
feet in length. Two circular flues 16 inches in diameter pass 
through the interior. The whole of the flues and outer coating 
of the boiler are made of sheet-iron three-sixteenths of an 
inch in thickness, and the end plates are formed of materials 
of greater strength. The boiler is strengthened by numerous 
internal ties, and is calculated to sustain a pressure of 100 lb. 
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to the square inch of surface. The only protection which the 
boilen have from the atmosphere is a layer of clay, with which 
they are in all cases covered, to prevent the radiation of heat. 

The steamers make many stoppages to take in goods and 
passengers, and also supplies of wood for fuel. The liberty 
which they take with their vessels on these occasions is 
somewhat amusing, and not a little hazardous. I had a 
good example of this on board of a large vessel called the 
" Ontario." She was sheered close inshore among stones 
and stumps of trees, where she lay for some hours taking in 
goods. The additional weight increased her draught of 
water, and caused her to heel a good deal, and when her 
engines were put in motion, she actually crawled into the 
deep water on her paddle-wheels. The steam had been got 
up to an enormous pressure to enable her to get off, and the 
volumes of steam discharged from the escapement pipe at 
every half stroke of the piston made a sharp sound almost 
like the discharge of firearms, while every timber in the 
vessel seemed to tremble, and the whole structure actually 
groaned under the shocks. 

During these stoppages, it is necessary to keep up a pro- 
per supply of water to prevent explosion, and the manner in 
which this is effected on the Mississippi is very simple. The 
paddle-wheel axle is so constructed, that the portions of it 
projecting over the hull of the vessel to which the wheels 
are fixed can be thrown out of gear at pleasure by means of 
a clutch on each side of the vessel, which slides on the inter- 
mediate part of the axle, and is acted on by a lever. When 
the vessel is stopped, the paddle-wheels are simply thrown 
oat of gear, and the engine continues to work. The neces- 
sary supply of water is thus pumped into the boiler during 
the whole time that the vessel may be at rest, and when she 
is required to get under weigh, the wheels are again thrown 
into gear, and revolve with the paddle-wheel shaft. The fly- 
wheel, formerly noticed, is useful in regulating the motion 
of ths engine, which otherwise might be apt to suffer da- 
mage from the increase and diminution in the resi^ance 
fAnd to the motion of the pistons, by suddenly throwing 
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the paddle-wheels into and out of gear. The water for the 
supply of the engine is first pumped into a heater, in which 
its temperature is raised, and is then .injected into the boiler. 

I saw several vessels on « the Ohio which had only one 
large paddle-wheel, placed at the stem ; but it is doubtful 
whether this arrangement is advantageous, as the action of 
the paddle-wheel, when placed in that situation, must be 
impeded by the floatboards impinging on water which has 
been disturbed by the passage of the vessel through it. 

The Mississippi steamers carry a captain, a clerk, two 
engineers, and two pilots, one of whom is always at the belm. 
The firemen and the crew are people of colour, and generally 
slaves. The passage from New Orleans to Pittsburg, against 
the current of the river, is generally performed in from fifteen 
to twenty days, and from Pittsburg to New Orleans in about 
ten days. The distance is rather more than 2000 miles', 
and the cabin -passage, including all expenses, is about L.IO. 

The third class of vessels to which I have alluded are 
those which navigate the Lakes and the Kiver St Lawrence. 
They differ very materially from those I have already de- 
scribed, being more like the steamers of this country, both 
in their construction and appearance. Steamboats were 
first used on the St Lawrence in 1812, and it is probable 
that they were also introduced on the Lakes about the same 
time. The Lake steamers are strongly^built vessels, fur- 
oished with masts and sails, and propelled by powerful en- 
gines, some of which act on the high-pressure and some on 
the low-pressure principle. 

The largest steamer on the Lakes in 1837 was the " James 
Madison." She measures 181 feet in length on the deck, 
30 foet in brearlth of beam, and 12 feet 6 inches in depth of 
hold. She carries about 700 tons of goods, and draws about 
10 feet of water. This vessel plies between Bufi'alo on Lake 
Erie and Chicago on Lake Michigan, a distance of 950 miles. 
The hulls of the vessels are built in the ports on the shores of 
the Lakes, and the engines are generally made at Pittsburg, 
^t is somewhat curious to find such vessels engaged in inland 
igation ; but their dimensions and strength are rendered 
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necCBBary by the severe storms aod formidable vaves en- 
ooimtered on the Lakes, to which I have already particularly 
allnded, in the chapter on Lake Navigation. 

Some of the St Lawrence steamboats, all of which are 
owned by her Majesty's subjects resident in Canada, are fine 
powerful vessels. The machinery of most of them is made 
ftt Montreal, The "John Bull" is the largest of these 
Tesaels, and measures 210 feet in length of deck, 33 feet 6 
inches in breadth of beam, and draws 10 feet of water. She 
M propelled by two condensing engines, having oylindeis 60 
inches in diameter, and 8 feet in length of stroke. This 
•teamer is principally employed in towing vessels ; and of 
ker performance in this way I have already spoken at page 
88. She has a small engine of about 3 horses power for 
pumping water into the boilers while the vessel is at rest. 
. The vapour contained in the boiler of a steam-engine is 
liable to have its volume increased or diminished to a dan- 
gBions extent by sudden variations of temperature, and the 
^iplicatioQ of an apparatus capable of counteracting the 
tendency of such changes of temperature to produce rupture 
is absolutely indispensable to the safe operation of the boiler. 
Tbe want of the ordinary precautions necessary for insuring 
safety, or the inefBcient manner in which these are applied, 
together «ith"the very high pressure of the steam used in 
many of llie American steamboats, and the recklessness of 
the engineers employed on some navigations, have occasioned 
many disastrous accidents in that country from the explosion 
of steam-boUers. These, however, as already stated, are now 
happily, in a great measure, confined to the vessels employed 
on the Western waters. The frequent occurrence of these 
accident-^, iind the melancholy consequences attending them, 
induced the Government of the United States in 1832, to 
instituto aa inquiry into " the causes of steamboat explo- 
siona, and the best means of preventing them." At that 
period a list of the explosions which had taken place was 
made up by Mr Eedfield of Mew York, which I shall give at 
full length, as the best means of affording an idea of their 
txtent and serious nature. 
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List of Steamboat Explosions which hate occurred in thb 
United States, by W. C. Redfield. 
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I 






When 
exploded. 


Names. 


Place of Explosion. 


Killed. 


Wounded. 


1817 


Constitution, 


Mississippi, • 


13 





• • • 


General Robinson, 


Do. 


9 





• • • 


Yankee, 


Do. 


4 





• * • 


Heriot, • 


Do. 


1 





1824 


Etna, . 


New York Bay, . 


13 





1828 


Grampus, . 


Mississippi, 


unknown 





• ■ • 


Barnet, . . 


Long Island Sound, 


1 





1830 


Helen Macgregor, 


Mississippi,. 


33 


14 


• ■ • 


Caledonia, . 


Do. 


11 


11 




» • • 


Carr of Commerce, 


Ohio River, 


28 


29 




i* • 


Huntress, . 


Mississippi, . 


unknown 







» • • 


Fair Star, . 


Alabama, . 


2 







»• • 


Porpoise, . 


Mississippi, 


unknown 





Previous 


116 


54 










to 










1825 { 


Enterprise, cop- 
per boiler, . j 


Charleston, S. C, 


9 


4 


• • • 


Paragon, do. 


Hudson River, . 


1 


1 






Alabama, . 


Mississippi, 


4 









Feliciana, . 


Do. 


2 









Arkansas, . 


Red River, . 


4 









Fidelity, copper ) 
boiler, . . J 


New York Harbour, 


2 









Patent, do. . 


Do. 


5 


2 






Atalanta, do. 


Do. 


2 









Bellona, do. 


Do. 


2 









Maid of Orleans, do. 


Savannah River, 


6 









Raritan, unknown. 


Raritan, 


'1 









Eagle, do. 


Chesapeake, 


2 


several 






Bristol, 


Delaware River, 





1 






Powhatan, copper ) 
boiler, . . j 


Norfolk, . 


2 





1824 


Jersey, do, . 


Jersey City, 


2 





1825 


Tesch, 


Mississippi, 


several 





• • • 


Constitution, 


Hudson River, . 


3 





• • • 


Legislator, . 


New York Harbour, 


5 


2 


1826 


Hudson, . 


East River, 





1 


• • • 


Franklin, . 


Hudson River, . 


1 





• • • 


Ramapo, in Jan., 


New Orleans, 


5 


2 


• • ■ 


Do. in March, 


Do. 


1 


1 


1827 


Oliver Ellsworth, 


Long Island Sound, 


3 





1830 


Carolina, . 


New York Harbour, 


1 







C. J. Marshal,) 
copper boiler, j 


Hudson River, . 


11 


2 




United States, . 


Long Island Sound, 


9 





1831 


General Jackson, 


Hudson River, . 


12 

(•opposed) 


13 






95 


29 
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Jf^<— Of ihe above loir-pressure ezplosioxiB, ten were copper-boilers, from 
wbiob irere .... killed 42, wounded 7 

8 iron-boilers, .... do. 35, do. 3 

9 boilers, metal unknown (probably iron), do. 18, do. 19 
The number of oopper-boilers in use is now very small compared with 

those of iron. 

Character of Engines not specified. 



When 
exploded. 


Namesa 


Place of ExplosioUa 


Killed. 


Woundeda 




Cotton Plaot, 


Mobile, 


unknown 


unknown 


1816 


Washington (high-p.), 


Ohio River, 


7 


9 


1826 


Macon, . 


South Carolina, a 


4 





1827 


Hornet (low-pres.). 


Alabama, . 


2 


2 


1826 


Susquehannah, 


Susquehannah, . 


2 





1027 


Union (high-pres.), 


Ohio River, 


4 


7 


1830 


W. Peacock, a 


Buffalo, 


15 





% ... 


Tallyho (high-pres.), 


Cumberland River, 








• a. 


Kenhawa (iow-pres.). 


Ohio River, 


8 


4 


. • a 


Atlas, a 


Mississippi, 


1 





• aa 


Andrew Jackson, 


Savannah River, 


2 





1831 


Tricolor (low-presa), 


Ohio River, 


8 


8 


46[63?] 


21 [30?] 



Recapitulation. 



13 High-pressure accidents, • . 

Sr Low-pressure doa a a a 

Character of engines unknown, supposed to be 
ehiefly high-pressure, . 



Killed. 
115 
95 

46 



Wounded. 
54 
29 

21 



Total, 256 



104 



** In some of the principal accidents comprised in the fore- 
going list, the number of killed includes all who did not re- 
torer from their wounds. In other cases, the number killed 
are W given in the newspapers of the day, and some of the 
vofanded should perhaps be added. In some few instances 
■ no list has been obtained, and possibly in some no loss of 
life occurred. The accounts of some of the minor accidents 
JBfty have been lost sight of. In making an approximate 
. «ttiffiate of the whole number of lives which have been lost in 
' -tbe United States by these accidents, I should fix it at 300." 
( A |voper uninterrupted supply of water ia the only safe- 
■' ' Ipwd eg inst the occurrence of such explosions, which, 
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from their nature, are equally apt to occur to low-pressure 
and high -pressure boilers. Some engines have self-acting 
pumps for the supply of water, and in others the injection- 
cock is under the control of the engineer, who, by opening 
or shutting it, regulates the supply. The latter plan is 
adopted in all locomotive engines, and in most' of the Ame- 
rican steamboats. It is of the greatest consequence that 
the water-pump should be so arranged as to work while the 
engine is at rest. The steamboats on the eastern part of 
the United States are not so constructed ; but in the steam- 
boats on the Mississippi and the St Lawrence, as formerly 
noticed, I found apparatus for effecting this important object. 

The exposed situation in which the boilers of all the Ame- 
rican steamboats are placed renders them very apt to collapse^ 
an accident which has been of very frequent occurrence, and 
has on some occasions been attended with serious consequences. 

The only adaptations for reducing the chances of accident 
which I found in use in the American steamboats were the 
single safety-valve, the steam-gauge, and the water-gauge, 
and in a few vessels the apparatus for continuing the supply 
of water while the vessel is at rest. 

It appears from Mr Eedfield's list of accidents, that there 
have been nearly four explosions every year for the last four- 
teen years, and an annual loss of twenty-one lives from these 
accidents. Of the forty cases regarding which definite in- 
formation had been obtained, twenty-seven were low-pressure 
engines, and only thirteen high-pressure. The average loss 
of lives by each low-pressure accident is only three and a 
half, but the loss by high -pressure accidents averages nine on 
each occasion. This may be accounted for by the great elasti- 
city of the steam in all the high-pressure engines in America, 
which in its escape causes proportionally greater mischief. 

The following table, containing the dimensions of several 
of the best steamers plying in America in 1837, was compiled 
partly from actual measurement of the vessels, and partly 
from the report of the engineers in charge of them. To Mr 
Alfred Stillman of New York, I am indebted for much 
sistance in obtaining the information contained in it : — 
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CHAPTEB V. 

FUEL AND MATERIALa 

Fuel used in Steam-Engines and for domestio purposes — ^Wood — Bitmniooiif 
Coal — Anthracite Coal — Fennsylyanian CoaUmines — ^Boilers forthe eom- 
bustion of Anthracite Coal — Building Materials— Brick — ^Marble — 
Marble-quarries of New England and Fennsylyaniar-rGranite — ^Timber 
—Mode of Conducting the " Timber Trade"—" Booms"— Rafts on the 
St Lawrence and on the Rhine— Woods chiefly used in America — Lire 
Oak — White Oak— Cedar — ^Locust — Pine — " Shingles ">— Dimeodona of 
American Forest Trees. 

I need scarcely mention, that wood is very much used as 
fuel throughout the greater part of the United States and 
the British dominions in America, both for domestic pur- 
poses and for steam-engines, excepting in the neighbourhood 
of most of the large towns, where, the surrounding country 
having been cleared and brought into cultivation, it has be- 
come very scarce, and much too valuable to be made use of 
in that way. In such situations coal has of course been 
substituted in its place. Still, however, throughout a large 
part of tlie territory of the United States the forest is looked 
to for the chief supply of fuel. The firewood is cut into 
pieces about four feet long, and twelve inches in girth, and 
is sold in piles four feet square, and eight feet in length, 
containing each 128 cubic feet, a measure called by the 
Americans, a " cord." It varies in price in different parts 
of the country. In 1837, I found that in new York a cord 
of wood cost about 20s. ; in Albany, 14s. ; on Lake Champ- 
lain, the average price is 9s. ; on the St Lawrence, Ts. 3d. ; 
and on Lake Ontario, 5s. ; its value gradually decreasing as 
the country becomes less populous. On the Mississippi and 
Ohio, the price of wood was from 5s. to 8s. a cord. Many 
^3cperiments have been made in America to ascertain the 
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relative vi^*^* ^^ wood and coal as fuel for steam-engines ; 

the resay ^^ wl^ich is, that about two and three-fourth cords 

of wo^ *^^ ^^® *^^ ^^ ^^^^> generate, in well-constructed 

})oi\j^j an equal quantity of steam. Pine timber is considered 

io be the best fuel : its texture is more open, and its com- 

2»ustion is more perfect than hardwood, the heart or interior 

of which, being less affected by the heat, is often left un- 

consumed. 

An abundant supply of fresh air, and a capacious fire- 
place, are the great objects to be attained in furnaces in- 
tended for the combustion of wood. To insure the first of 
these desiderata, the boilers of the improved steamboats, as 
formerly mentioned, are placed on the guards of the vessel. 
No ash-pit is placed below the fire-grate; and the ashes 
and charcoal which come from the fire fall directly into the 
water, while a copious stream of fresh air, constantly ascend- 
ing through the fire-bars, aflfords a large supply of oxygen 
for the combustion of the fuel. The most advantageous 
depth of the fire-grate, or the space left between the fire- 
bars and the bottom of the boiler for the reception of the 
wood, has been found in practice to be about three feet. 

Bituminous coal occurs in large quantities on the western 
Bide of the Alleghany Mountains, and has been extensively 
worked in the neighbourhood of Pitsburg, where it is much 
Qfied in the manufacture of iron. This coal is also found in 
other parts of the United States, particularly in New Eng- 
land and in Ehode Island. In the British dominions of 
Nova Scotia, a vein has also been opened at the Albion 
coal-mines, which is said to be fifty feet in thickness. The 
steamboats on the Ohio, and also on the St Lawrence, oc- 
casionally bum bituminous coal ; but the fire-places are all 
too large for coal, having been constructed for the combus- 
tion of wood. 

Anthracite coal has been more extensively worked, and is 
much more generally used in the United States for domestic 
pvuposes, than bituminous coal. The most extensive an- 
thracite coal-fields occur in the State of Pennsylvania, on the 

cymrses of the rivers Schuylkill and Lehigh, the navigation 

vi 2 
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of which has been improved at a great expenseX Pg^^j^ate 
the carriage of the coal from the mines to the seav- gjiip- 
ment. It has also been found on the banks of the M^jj^^c 
in New England. 

The Schuylkill and Lehigh coal-fields lie between a mou^. 
tain called the Blue Kidge and the Kiver Susquehanna, and 
are situate about 100 miles north-east of Philadelphia, the 
port from which the coal is shipped. The most extensive 
workings are at Potts ville, on the Schuylkill, and Mauch 
Chunk, on the Lehigh. At Pottsville, the strata of coal dip 
from N.E. to S.W., at an angle of about 45'^ and at Mauch 
Chunk they are nearly horizontal. They are in general 
worked by level drifts, carried into the face of a long range 
of rising ground, which is entirely composed of one vast bed 
of coal. The quantity brought from the Pennsylvanian 
mines to Delaware Bay during the year 1836, was no less 
than 696,526 tons. 

The anthracite of North America has a strong resemblance 
to that found in some parts of Wales, and also in Ireland. 
It is exceedingly close-grained, has a bright lustre, and, 
when broken, the fracture presents a great variety of fine 
colours, from which circumstance it has received in America 
the name of " peacock-tail " coal. It requires a very high 
temperature for its combustion, and in order to obtain this, 
it is necessary that the fire-places in which it is used should 
be lined with a good non-conducting substance. It has been 
several times tried in the furnaces commonly used in steam- 
boats, but in the fire-places of the common construction it 
was found that the coal was brought too closely into contact 
with the bottom of the boiler and flues, and the caloric being 
too suddenly withdrawn from it, the fire burned languidly 
and was occasionally extinguished. Dr Nott of New York 
has bestowed much labour and time in constructing a boiler 
and fire-place suited for anthracite coal. These have been 
introduced in one or two steamboats, and particularly in 
some of the ferry-boats plying in the bay of New York. 
This kind of coal is also burned in the locomotive engines 
the Baltimore and Washington Kailway ; but its applica- 
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tion to the purpose of generating steam cannot yet be said 
to have assumed a more permanent character than that of 
an experiment. 

The principle on which the anthracite boilers are con- 
structed is sufficiently simple. The combustion of the fuel 
is carried on in a chamber lined with a non-conducting sub- 
stance, which is quite detached from the boiler, and the 
heated air only is allowed to pass through the flues, so that 
the disadvantages arising from the rapid extraction of ca- 
loric from the fuel, which takes place in fire-places construct- 
ed for bituminous coal or wood, are in this boiler com- 
pletely obviated. The coal is also broken into small pieces 
about the size of a hen's egg, and in this way a great sur- 
face is exposed to the atmospheric air, and a thorough com- 
bustion of the fuel is produced. 

The anthracite coal is much used for domestic purposes 
in New York, Philadelphia, Baltimore, and Washington. It 
is burned sometimes in stoves, and sometimes in an open 
fiie-place. The heat given out by it, when burned in either 
way, produces great dryness of the air, to remedy which, 
evaporating pans are generally used to secure a healthful 
amount of moisture in the apartments.* 

• These remarks as to the important subject of fuel, the result of obser- 
Tatlons made several years ago, seem to be still applicable to the present 
state of the country, as Captain Galton in his Report to the Board of Trade 
on the railways of the United States, says, — " Notwithstanding that the coaS 
fields of the United States occupy an area of 130,000 square miles, and 
extend into Pennsylvania, Ohio, Indiana, Illinois, Kentucky, Virginia, and 
Miehigan ; until very recently, wood was the fuel invariably used on Ameri- 
can railways. Wood has, however, risen very much in price lately, and on 
the prairie lines wood is not to be had, but coal is found in their vicinity ; 
en other lines which pass through coal-measure.s, coal is a cheaper fuel, 
hence its use is gradually being extended on railways, and it will probably 
•Dim entirely supersede wood." Captain Galton also says that several 
iUtompta have been made to burn bituminous coal in engines without coking 
U^ but adds, that he cannot give any decided opinion as to the satisfactory 
iMolti of the arrangements ; he further states, that anthracite coal is used 
on Che Pennsylvania railways, and that a form of fire-box adopted by Mr 
IffnlhoUand on the Philadelphia and Reading Railway " is stated to be very 
MMMifiil. It is shallow, with a large grate area, the bars are of cast-iron 
I'toeh broad, and with |-inch spaces between them, and a row of air-holes 
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Brick is the building material unifonnl j used for dwelling- 
houses in the large towns in the United States, in most of 
which wooden structured are not now permitted to be erected. 
The public edifices, however, are generally built of marble, 
which is found in great abundance in difTerent parts of the 
country.* 

Several marble quarries have been opened in Massachusetts 
and in Vermont, which produce good materials for ordinary 
building purposes. The City Hall at New York, and the 
State House at Albany, have been built of the stone pro- 
duced by these quarries. This marble has a white ground 
with blue streaks, but its colour lies in irregular patches, 
and its effect in a building is not good. The finest marble 
is foujjjd in the neighbourhood of Philadelphia, where seve- 
ral quarries have been opened, and are at present extensively 
worked. This stone, laid down at Philadelphia (1837), costs 
from 4s. to 7s. per cubic foot, according to its quality. The 
Bank of the United States, the Philadelphia Bank, the Mint, 
the Exchange, and many other public edifices in Philadel- 
phia, are built from these quarries, which afford pure white 
marble of very good quality. The public buildings in Phila- 
delphia, most of which were designed by Mr Strickland, 
architect in that city, present by far the finest specimens of 
architectural design which are to be met with in the United 
States, and the extreme purity of the marble of which they 
are built adds greatly to their general effect. The new Girard 
College at Philadelphia, designed by Mr Walter, architect, 
was, when I saw it, in an advanced state of progress, and 
promised, when completed, to be a magnificent building. 
The marble of the United States is rather coarse in the 
grain, and not very suitable for forming the finely-wrought 

4 incbe<« deep by 1^ inch wide, which can be opened »nd closed at pleasure, 
extends along the front of the fire-box, just over the bars. There is also an 
arrangement to admit air to the heated gases near the tabe-plate. The 
anthracite coal is spread evenly over the grate bars in a layer 9 inches thick. 
— {Report tj the Board of Trade on the Itailwaye of tkt United SlaU§, by 
Captain Douglas Qalton, R.E , London, 1857. 

* 1 am indebted to Mr Strathers of Philadelphia for eome intertMting in* 
formation regarding the marbles of the United States. 
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capitals of columns ; and the materials of those parts of all 
the pillars of the public buildings in Philadelphia were there- 
fore brought from Italy. 

I visited some of the quarries in the neighbourhood of 
Philckdelphia, in which the beds of marble dipped from north 
to south at an inclination of 60° with the horizon. In one 
of them the quarriers were working a bed fourteen feet in 
thickness, at a depth of one hundred and twenty feet below 
the surface. The blocks, some of which weighed twelve 
tons, are raised to the surface of the ground by means of a 
horse-gin. A thick layer of common limestone rests on the 
marble ; this is blasted ofif with gunpowder, and burned for 
making mortar. 

Grrey-coloured granite, of excellent quality, occurs at 
Qaincy in Massachussetts, and Singsing on the Hudson. 
The only hydraulic works in which it has been used are the 
graving-docks at Boston and Norfolk, which have been al- 
ready noticed ; but it has also been used a good deal in New 
York for door-lintels and stairs, and latterly it has been in- 
troduced for public buildings. The Astor Hotel, the Gaol, 
and some others, are formed of it. 

It is much to be regretted that there are no building 
materials in the neighbourhood of New York. On examin- 
ing the ground laid open in some of the railway cuttings in 
the vicinity of the town, I found it to consist of a stratum of 
gravel from ten to fifteen feet in depth, with boulder-stones 
of granite, mica-slate, greenstone, and red sandstone ; below 
this, mica-slate occurs, dipping from north to south at an 
angle of 45° ; but is not fit for building purposes. This for- 
mation occurs on the island of Manhattan, on which the town 
of New York stands, and also on Long Island, which protects 
its harbour. 

The fine timber which the country produces is much em- 
ployed in all the American engineering works, and serves 
in ffome degree to compensate for the want of stone, while 
it also affords great advantages for ship-building and carpen- 
tlji which have been brought to high perfection in America. 
The "lumber" trade, as it is called in America, — that is to 
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say, the trade in wood, — is carried on to a greater or less ex- 
tent on almost all the American rivers ; but on the Missis- 
sippi and the St Lawrence it affords employment to a vast 
number of persons. The chief raftsmen, under whose direc- 
tions the timber expeditions are conducted, are generally 
persons of very great intelligence, and often of considerable 
wealth. Sometimes these men, for the purpose of obtaining 
wood, purchase a piece of land, which they sell after it has 
been cleared, but more frequently they purchase only the 
timber from the proprietors of the land on which it grows. 
The chief raftsman, and his detachment of workmen, repair 
to the forest about the month of November, and are occupied 
during the whole of the winter months in felling trees, dress- 
ing them into logs, and dragging them by teams of oxen to 
the nearest stream, over the hardened snow, with which the 
country is then covered. They live during this period in 
huts formed of logs. Throughout the whole of the newly 
cleared districts of America, indeed, the houses are built of 
rough logs, which are arranged so as to form the four sides 
of the hut, and their ends are half-checked into each other 
in such a manner as to allow of their coming into contact 
nearly throughout their whole length, and the small inter- 
stices which remain are filled up with clay. About the 
month of May, when the ice leaves the rivers, the logs of 
timber that have been prepared, and hauled down during 
winter, are launched into the numerous small streams in the 
neighbourhood of which they have been cut, and are floated 
down to the larger rivers, where their progress is stopped by 
what is called a " boom." The boom consists of a line of 
logs, extending across the whole breadth of the river. These 
are connected by iron links, and attached to stone piers built 
at suitable distances in the bed of the stream. 

The boom is erected for the purpose of stopping the down- 
ward progress of the wood, which must remain within it till 
all the timber has left the forest. After this, every raftsman 
searches out his own timber, which he recognises by the mark 
he puts on it, and, having formed it into a raft, floats it down 
^He river to its destination. 
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The boom is generally owned by private individuals, who 
levy a toll on all the wood collected by it. The toll on the 
Penobscot Eiver is at the rate of three per cent, on the value 
of the timber. 

The rafts into which the timber is formed, previous to 
being floated down the large rivers, are strongly put together. 
■They are furnished with masts and sails, and are steered by 
means of long oars, which project in front as well as behind 
them. Wooden houses are built on them for the accommoda- 
tion of the crew and their families. I have counted upwards 
of thirty persons working the steering oars of a raft on the 
St Lawrence ; from this some idea may be formed of the 
number of their inhabitants. 

The most hazardous part of the lumberer's business is that 
of bringing the rafts of wood down the large rivers. If not 
managed with great skill, they are apt to go to pieces in de- 
scending the rapids : and it not unfrequently happens, that 
the whole labour of one, and sometimes two years, is in this 
way lost in a -moment. An old raftsman, with whom I had 
some conversation on board of one of the steamers on the St 
Lawrence, informed me that each of the rafts brought down 
that river contains from L.3000 to L.5000 worth of timber, 
and that he, on oue occasion, lost L.2500 by one raft, which 
gjrounded in descending a rapid, and broke up. The safest 
size for a raft, he said, was from 40,000 to 50,000 square feet 
of surface ; and when of that size they require about five 
men to manage them. Some are made, however, which have 
an area of no less than 300,000 square feet. These unwieldy 
craft are brought to Quebec in great numbers from distances 
varying from one to twelve hundred miles ; and it often 
happens that six months are occupied in making the passage. 
They are broken up at Quebec, where the timber is cut up 
for exportation into planks, deals, or batteos, at the numer- 
ons saw-mills with which the banks of the St Lawrence are 
studded for many miles, in the neighbourhood of the town. 
Sometimes the timber is shipped in the form of logs. The 
timber-rafts of the Ehine are, perhaps, the only ones in 
Europe that can be compared to those of the American 
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rivers ; but none of those which I have seen on the Bhine 
were nearly so large as those on the St Lawrence, although 
some of them were worked by a greater number of hands, a 
precaution rendered necessary perhaps by the more intricate 
navigation of the river. 

The woods exported from the St Lawrence are white oak 
(J^uercus alba), the average price of which is 15d. a cubic 
foot ; white pine (Pinus strohus), 4Jd. ; red pine (Pinua re- 
sinosa), 10 Jd. ; elm (JJlmus Americana), 4^. ; and white ash 
{Fraxinus acuminata), lOd. These, according to the informa- 
tion I received, are the average prices at which the wood sold 
at Quebec in 1837. 

The woods used for ship-building in the United States are 
live-oak (Cjuercus virens), white oak (Quercvs alha), white 
cedar (^Cupressus thyoides), locust (^Rohinia psevd-acacia), 
yellow pine (Pinus variabilis), and long-leaved pine (Pintis 
palustris, or australis of Michaux). 

The live oak, so called because it is an evergreen, grows 
only in the Southern States. This valuable wood is too heavy 
to be applied to a great extent in ship-building, its specific 
gravity being greater than that of water, and it is generally 
used along with white oak and cedar for the principal tim- 
bers only. " The climate becomes mild enough for its growth 
near Norfolk, in Virginia, though at that place it is less mul- 
tiplied and less vigorous than in a more southern latitude. 
From Norfolk it spreads along the coast for a distance of 
fifteen or eighteen hundred miles, extending beyond the 
mouth of the Mississippi. The sea air seems essential to its 
existence, for it is rarely found in the forests upon the main- 
land, and never more than fifteen or twenty miles from the 
shore. It is most abundant, most fully developed, and of the 
best quality, about the bays and creeks, and on the fertile 
islands which in great numbers lie scattered for several hun- 
dred miles along the coast. The live oak is commonly forty 
or fifty feet in height, and from one to two feet in diameter, 
but it is sometimes much larger."* 

• The Sylva Amerioana. By J. D. Browne, Beeion, 1832. 
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White cedar is considered the most durable timber in use 
in America. It grows in the Northern States to the height 
of forty-five or fifty feet, and is sometimes more than ten 
feet in circumference. The wood is reddish, and somewhat 
odorous. It is much used in fences, and also for railway 
sleepers. It does not exist in a natural state in Canada ; 
but the arborvitsB, which is there called white cedar, is put 
to all those purposes to which white cedar is applied in the 
United States. Locust is a hard and durable timber, and is 
used for treenails. It grows most abundantly in the Southern 
States; but it is pretty generally difiused throughout the 
whole country. It sometimes exceeds four feet in diameter, 
and seventy feet in height. The locust is one of the very 
few trees that are planted by the Americans. They are 
often seen forming hedge-rows in the cultivated parts of 
Pennsylvania. The yellow pine is chiefly confined to the 
western countries and the range of the Alleghany Moun- 
tains ; and the long-leaved pine is entirely confined to the 
Southern States. These pines are usually employed for the 
masts and spars of vessels.* 

Timber is employed in great quantities in the construc- 
tion of quays, railways, canal locks, aqueducts, bridges, 
roofing of houses, and, in short, for every purpose to which 
it can possibly be applied. The wood used for roofing is 
formed into pieces called shingles, which measure eighteen 
inches in length, four inches in breadth, and one-third of an 
inch in thickness. They are nailed on the rafters of the 
house, and arranged in the same manner as the slates used in 
this country. Six inches of each single is exposed to the 
weather, and as each piece of wood is eighteen inches in 
length, every part of the roof has three thicknesses of wood, 
or, in other words, is one inch in thickness. The shingles 
are generally made of white pine, cedar, or arborvita). They 

* I would refer such of my readers as desire information regarding the 
Amerieaii forest-trees to an excellent paper in the "Agricultaral Jonrnal" for 
JSS6, on the local distribution of trees in the native forests of America, by 
Mt'Jmbm Maonab of Edinburgh, who made an extensive botanical tour 
te Um Unitod States and Canada. 
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are split with a single blow of the axe, and afterwards 
smoothed with an instrument resembling a spoke-shave. 
They cost, in 1837, 8s. per thousand. 

The American forests are particularly interesting to the 
traveller in that country. According to Mr Browne, whose 
work I have already quoted, there are no less than 140 
species of forest-trees indigenous to the United States, which 
exceed 30 feet in height. In France there are about thirty, 
and in Great Britain nearly the same number. One may 
travel a great way in America without finding a single tree 
of very large dimensions, but the average size of the trees is 
far above what is to be met with in this country. The largest 
which I measured was a buttonwood-tree (Platanus occiden- 
talis) on the- banks of Lake Erie, which I found to be 
21 feet in circumference ; but I measured very many vary- 
ing from 15 to 20 feet. M. Michaux mentions, that on a 
small island in the Ohio, fifteen miles above the mouth of 
the Muskingum, there was a buttonwood-tree, which, at five 
feet from the ground, measured 40 feet 4 inches in circum- 
ference, giving a diameter of about 13 feet. He mentions 
another on the right bank of the Ohio, thirty-six miles 
above Marietta, whose base was swollen in an extraordinary 
manner ; at four feet from the ground it was 47 feet in cir- 
cumference. This tree ramified at the height of 20 feet 
from the ground. Another of equal size is mentioned as ex- 
isting in Grenesse. M. Michaux also measured two trunks 
of white pine on the Kiver Kennebec, one of which was 154 
feet long, and 54 inches in diameter, and the other was 142 
feet long, and 44 inches in diameter at three feet from the 
ground. He also measured one which was 6 feet in diameter, 
and had reached the greatest height attained by the species, 
its top being about 180 feet from the ground. 
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CHAPTER VI. 

CANALS. 

Internal Improvements of North America — Great extent of the Canals and 
Railways — Introduction of Canals into the United States and Canada — 
Great length of the American Canals — Small area of their Cross Sec- 
tions — North Holland Ship Canal — Di£ference between American and 
£riti£h works — Use of wood very general in America — Wooden Canal- 
Locks, Aqueducts, &c. — Artificial navigation of the country stopped by 
ice — Tolls levied, and mode of travelling on the American Canals — 
Means used in America for forming water>communications — Slackwater 
navigation on the River Schuylkill, &c. — Construction of Dams, Canals 
T-Locks — Erie Canal — Canal Basin at Albany — Morris Canal — In- 
clined Planes for Canal lifts, &c. 

The Americans have not rested satisfied with the natural 
inland navigation afforded by their rivers and lakes, nor 
have they made the bounty of Nature a plea for idleness or 
want of energy ; but, on the contrary, they have been zeal- 
ously engaged in the work of internal improvement ; and 
their country now numbers, among its many wonderful arti- 
ficial lines of communication, a mountain railway, which, in 
boldness of design and difficulty of execution, I can compare 
to no modern works I have ever seen, excepting, perhaps, 
the passes of the Simplon, and Mount Cenis in Sardinia ; 
but even these remarkable passes, viewed as engineering 
works, did not strike me as being more wonderful than the 
Alleghany Kail way in the United States. 

The objects to which the Americans have chiefly directed 
tbeir exertions for the advancement of their country in the 
scale of civilization, are the removal of obstructions in navi- 
gable rivers ; the junction of different tracks of natural 
navigation ; the connection of large towns, and the forma- 
tion of lines of communication from the Atlantic Ocean to 
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the great lakes and the valleys of the Mississippi, Missouri, 
and Ohio. The number and extent of canals and railways 
which they have executed in effecting these important ob- 
jects, sufficiently prove that their exertions, during the time 
they have been so engaged, have been neither small nor ill- 
directed. 

Since my visit to the country, their railway system has 
been, as I shall afterwards explain, vastly extended ; but 
there is reason to suppose that the following account of the 
canals, although written sometime ago, will be found to con- 
vey a pretty fair description of the state of these works at 
the present time. 

The stupendous canals which have been executed enable 
vessels, suited to the inland navigation of the country, to 
pass from the Gulf of St Lawrence to the Gulf of Mexico, 
and also from the city of New York to Quebec on the St 
Lawrence, or to New Orleans on the Mississippi, without 
encountering the dangers of the Atlantic Ocean. But, that 
the reader may be better able to understand the extent of 
lines of inland navigation so enormous, I shall give in detail 
the route from New York to New Orleans, which in 1837 
was constantly made by persons travelling between those 
places. 

Miles 
From Kew York to Albany by the River Hudson, the distance is, . 150 
,, Albany to Buffalo by the Erie Canal, . • . 363 

„ Buffalo to Cleveland by Lake Erie, .... 210 
„ Cleveland to Portsmouth by the Ohio Canal, • • . 309 

„ Portsmouth to New Orleans by the Ohio and Mississippi Rivers, 1670 

Total distance, . £702 

This extraordinary inland journey of no less than 2702 
miles, is performed entirely by means of water communica- 
tion ; 672 miles of the journey are performed on canals, and 
the remaining 2030 miles of the route is river and lake 
navigation. 

Several short canals were made for improving the river 
navigation in the United States about the end of the last 
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century ; but the first work of any importance in that coun- 
try was the Santee Canal, in the State of South Carolina, 
which was opened in the year 1802 ; and the first in the 
British dominions in America was the Lachine Canal in 
Lower Canada, opened in the year 1821. The great length 
of many of the American canals is one remarkable feature 
in these astonishing works. In this respect they far surpass 
anything of the kind hitherto constructed in Europe. The 
longest canal in Europe is the Languedoc, which has a course 
of 148 miles ; and the most extensive in the United States 
is the Erie Canal, which is no less than 363 miles in length. 
But the cross-sectional area of the American canals is by no 
means so great as that of many in Europe. At the time 
when canals were introduced into America the trade of the 
country was small, and did not warrant the expenditure of 
large sums of money in their construction, the chief object 
being to form a communication with as little loss of time, 
or outlay of capital, as was consistent with a due regard to 
the safety and stability of the work. It is not to be expected, 
therefore, that the American works, although on an exten- 
sive scale, should have been originally constructed in the 
same spacious style as those of older and more opulent coun- 
tries. The dimensions of many of the canals in the United 
States were consequently found to be inconveniently small 
for the increased traffic which they have to support ; and 
the great Erie Canal, as well as some others, was, when I 
was in the country, undergoing extensive alterations, by 
which its breadth was to be increased from 40 to 70 feet, 
and its depth from 4 to 7 feet. 

English and American engineers are guided by the same 
principles in designing their works ; but the different nature 
of the materials employed in their construction, and the cli- 
mates and circumstances of the two countries, naturally pro- 
duce a considerable dissimilarity in the practice of civil- 
engineers in England and America. At the first view, one 
is strackwith the temporary and apparently unfinished state 
of many of the American works, and is very apt, before in- 
foiiing into the subject, to impute to want of ability what 
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turns out, on investigation, to be a judicious and ingenious 
arrangement to suit the circumstances of a new country, of 
which the climate is severe, — a country where stone is scarce 
and wood is plentiful, and where manual labour is very ex- 
pensive. It is vain to look to the American works for the 
finish that characterizes those of France, or the stability for 
which those of Britain are famed. Undressed slopes of cut- 
tings and embankments, roughly built rubble arches, stone 
parapet- walls coped with timber, and canal-locks wholly con- 
structed of that material, everywhere offend the eye accus- 
tomed to view European workmanship. But it must not be 
supposed that this arises from want of knowledge of the 
principles of engineering, or of skill to do them justice in 
the execution. The use of wood, for example, which may 
be considered by many as inapplicable to the construction of 
canal-locks, where it must not only encounter the tear and 
wear occasioned by the lockage of vessels, but must be sub- 
ject to the destructive consequences of alternate immersion 
in water and exposure to the atmosphere, is yet the result 
of deliberate judgment. The Americans have, in many 
cases, been induced to use the material of the country, ill 
adapted though it be in some respects to the purposes to 
which it is applied, in order to meet the wants of a rising 
community, by speedily and perhaps superficially completing 
a work of importance, which would otherwise be delayed, 
from a want of the means to execute it in a more substan- 
tial manner ; and although the works are wanting in finish, 
and even in solidity, they do not fail for many years to serve 
the purposes for which they were constructed, as efficiently 
as works of a more lasting description. 

When the wooden locks on any of the canals begin to 
show symptoms of decay, stone structures can be substituted, 
and materials suitable for their erection are with ease and 
expedition conveyed from the part of the country where they 
are most abundant, by means of the canal itself to which they 
are to be applied ; and thus the less substantial work ulti- 
mately becomes the means of facilitating its own improye- 
ment, by affording a more easy, cheap, and speedy transport 
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of those durable and expensive materials, without the use 
of which, perfection is unattainable. 

As a farther advantage to be derived from the use of wood 
in Buch new countries as America, it may be stated that in 
proportion as improvement advances and greater dimensions 
or other changes are required, they can be introduced at 
little cost, and without the mortification of destroying expen- 
sive and substantial works of masonry. Some of the locks 
on the great Erie Canal are formed of stone, but had they 
all been made of wood, it would probably have been converted 
into a ship-canal long ago. 

But the locks are not the only parts of the American 
canals in which wood is used. Aqueducts over ravines or 
rivers are generally formed of large wooden troughs resting 
on stone pillars, and even more temporary expedients have 
been chosen, the ingenuity of which can hardly fail to please 
those who view them as the means of carrying on improve- 
ments, which, but for such contrivances, would be stopped by 
the want of funds necessary to complete them. 

Mr M*Taggart, the resident engineer for the Kideau Canal 
in Canada, gave a good example of the extraordinary ex- 
pedients often resorted to, by suggesting a very novel scheme 
for carrying that work across a thickly wooded ravine, situate 
in a part of the country where materials for forming an em- 
bankment, or stone for building the piers of an aqueduct, 
could not be obtained but at a great expense. The plan con- 
sisted of cutting across the large trees in the line of the 
workS| at the level of the bottom of the canal, so as to render 
them fit for supporting a platform on their trunks, and on 
this platform the trough containing the water of the canal 
was intended to rest. I am not aware whether this plan was 
carried into eflfect, but it is not more extraordinary than many 
of the schemes to which the Americans have resorted in con- 
structing their public works ; and the great traffic sustained 
by many of them, notwithstanding the temporary and hur- 
ried manner in which they are finished, is truly wonderful. 
The number of boats navigating the Erie Canal in 1836 was 
no less than 3167, and the average number of lockages 118 
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are unaccustomed to such usage, and would willingly 
el against their tyranny, are compelled to be guided by 
t majority of voices, and to submit quietly to all that takes 
oe, however disagreeable it may be. About eight o'clock 
the evening, every one is turned out of the cabin by tlie 
■tain and his crew, who are occupied for some time in sus- 
iduig from the ceiling two rows of cots or hammocks, ar- 
ged in three tiers, one above another. At nine, the whole 
ipany is ordered below, when the captain calls the names 
ike passengers from the way-bill, and at the same time 
igns t» each his bed, which must immediately be taken 
eesaion of by its rightful owner on pain of his being 
iged to occupy a place on the floor, should the number of 
flengers exceed the number of beds, a circumstance of 
J c(»nmon occurrence in that locomotive land. I have 
nt several successive nights in this way, in a cabin only 
feet long by II feet broad, with no fewer than forty 
Bengers ; while the deafening chorus produced by the 
Rking of the numberless bull-frogs that frequent the 
lerioan swamps was so great, as to render it often difficult 
make one's-self heard in conversation, and, of course, 
jly impossible to sleep. The distribution of the beds 
leais to be generally regulated by the size of the passen- 
b; those that are heaviest being placed in the berths next 
floor. The object of this arrangement is partly to bal- 
i the boat properly, and partly, in the event of a break- 
m, to render the consequence less disagreeable and dan- 
oufl to the unhappy beings in the lower pens. At live 
ock in the morning, all hands are turned out in the same 
apt and discourteous style, and forced to remain on deck 
he cold morning air while the hammocks are removed 
. breakfast is in preparation. This interval is occupied 
he duties of the toilette, which is not the least amusing 
i of the arrangement. A tin vessel is placed at the stem 
he boat, which every one washes and fills for his own use 
a the water of the canal, with a gigantic spoon formed of 
same metal ; a towel, a brush, and a comb, intended for 
general service, hang at the cabin door, the use of which, 

F 
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per day ; facts which clearly prove the efficiency as well as 
the utility of the work. 

With the exception of some few works in the most south- 
ern States of the Union, the artificial navigation of North 
America, as well as that of the northern rivers and lakes, is 
completely suspended during a period of from three to five 
months every year. During that time the water is always 
withdrawn from the canals and feeders. This precaution is 
ahsolutely necessary, as the intense frost with which the coun- 
try is then visited very soon proves destructive to the locks 
and aqueducts, by the expansion of the water, which, if per- 
mitted to remain in them, is speedily converted into a mass 
of ice. 

The rate of travelling which has been adopted on the 
American canals, the charges for the conveyance of passen- 
gers and goods, and the general laws for regulating canal 
transport, are fixed by the commissioners who have charge 
of the different works, and are not exactly the same in every 
State. The following observations, however, regarding the 
mode of travelling on the Pennsylvania State canals, are 
applicable to all others in the country. 

The tolls paid to the State, by the persons who have boats 
on these canals, are three halfpence per mile for each boat, 
and three farthings per mile for each passenger conveyed in 
them. The passenger-boats vary from twelve to fifteen feet 
in breadth, and are eighty feet in length. The large-sized 
boats weigh about twenty tons, and cost L.250 each, and 
when loaded with a full complement of passengers, draw 
twelve inches of water. They are dragged by teams of three 
horses, which run ten-mile stages. The length of the tow- 
line generally used is about 150 feet, and the rate of travel- 
ling is from four to four and a half miles per hour. 

The canal travelling in many parts of America is con- 
ducted with so little regard to the comfort of passengers as 
to render it a very objectionable conveyance. The Ameri- 
cans place themselves entirely in the power and at the com- 
mand of the captains of the canal-boats, who often use little 
discretion or civility in giving their orders; and strangers 
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who are unaccufitomed to such usage, and would willingly 
rebel against their tyranny, are compelled to be guided by 
the majority of voices, and to submit quietly to all that takes 
place, however disagreeable it may be. About eight o'clock 
in the evening, every one is turned out of the cabin by tlie 
captain and his crew, who are occupied for some time in sus- 
pending from the ceiling two rows of cots or hammocks, ar- 
ranged in three tiers, one above another. At nine, the whole 
company is ordered below, when the captain calls the names 
of the passengers from the way-bill, and at the same time 
assigns to each his bed, which must immediately be taken 
possession of by its rightful owner on pain of his being 
obliged to occupy a place on the floor, should the number of 
passengers exceed the number of beds, a circumstance of 
very common occurrence in that locomotive land. I have 
8pent several successive nights in this way, in a cabin only 
40 feet long by 11 feet broad, with no fewer than forty 
passengers ; while the deafening chorus produced by the 
croaking of the numberless bull-frogs that frequent the 
American swamps was so great, as to render it often difficult 
to make one's-self heard in conversation, and, of course, 
nearly impossible to sleep. The distribution of the beds 
appears to be generally regulated by the size of the passen- 
gers ; those that are heaviest being placed in the berths next 
the floor. The object of this arrangement is partly to bal- 
last the boat properly, and partly, in the event of a break- 
down, to render the consequence less disagreeable and dan- 
gerous to the unhappy beings in the lower pens. At five 
o'clock in the morning, all hands are turned out in the same 
abnipt and discourteous style, and forced to remain on deck 
in the cold morning air while the hammocks are removed 
and breakfast is in preparation. This interval is occupied 
in the duties of the toilette, which is not the least amusing 
part of the arrangement. A tin vessel is placed at the stem 
of the boat, which every one washes and fills for his own use 
from the water of the canal, with a gigantic spoon formed of 
the flame metal ; a towel, a brush, and a comb, intended for 
the general service, hang at the cabin door, the uec of which, 
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however, is fortunately quite optional. The hreakfast is 
served between six and seven o'clock, dinner at eleven, and 
tea at five. The American canal travelling certainly forms 
a great contrast to that of Holland and Belgium. The boat 
in which I was conveyed on the canal between Ghent and 
Bruges, for example, was commodiously fitted up with sepa- 
rate state rooms, containing one berth in each, and was, in 
other respects, a most comfortable and agreeable conveyance. 
But I trust the reader will not form an estimate of American 
travelling from what has just been said, nor take this single 
specimen of it as a criterion of the whole. In the eastern 
and earlier settled districts of the country no such griev- 
ances have to be sufiered, and there are many hundreds of 
persons in that part of the United States who hardly believe 
in their existence. So long as the traveller keeps on the 
east of the Alleghany Mountains, all goes on smoothly, but 
if he attempts to cross their summits, and to penetrate into 
the " far west," he must look for treatment such as I have 
described. There is indeed as great a difference in this re- 
spect between the seaward and interior States of North 
America as there is between the counties of Kent and 
Caithness. 

But I return from these petty troubles to the consideration 
of a subject of more importance, namely, the works which 
have been employed in forming the inland lines of water 
communication in America. Tiiese are of two kinds, called 
" Slack water" or " Stillwater" navigation and Canals. The 
slackwater navigation is the more simple of these operations, 
and can generally be executed at less expense. It consists 
in improving a river by the erection of dams or mounds 
built in the stream, by which the water is dammed back, 
and its depth is increased. If there be not a great fall in 
the bed of the river, a single dam often produces a stagna- 
tion in the run of the water, extending for many miles up 
the river, and forming a spacious navigable canal. The 
tow-path is formed along the margin of the river, and is 
elevated above the reach of flood-water. The dams are 
passed by means of locks, such as are used in canals. This 
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method of forming water communication has been exten- 
sively and successfully introduced in America, where limited 
means and abundance of rivers rendered it peculiarly appli- 
cable^ One of the most extensive works on this principle in 
the country was constructed by the Schuylkill Navigation 
Company, in the State of Pennsylvania, and consisted in 
damming up the water of the river Schuylkill. It extends 
from Philadelphia to Eeading, and is situate in the heart of 
a country abounding in coal, from the transport of which 
the Company derives its chief revenue. It is 108 miles in 
length, and its construction cost about L. 500,000. This 
line of navigation is formed by thirty-four dams thrown 
across the stream, with twenty-nine locks, which overcome 
a fall of 610 feet. It is navigated by boats from fifty to 
sixty tons burden. These dams are constructed somewhat 
on the same principle as that erected on the Schuylkill at 
Fairmount water-works, near Philadelphia. A detailed de- 
scription of this dam is given in the chapter which treats of 
water- works. 

One great objection to this mode of forming inland navi- 
gation, is the necessity of constructing works of great 
strength, suflftcient to enable them to withstand the floods 
and ice to which they are exposed, and by which they are 
very apt to be damaged, or even carried away. Accidents 
of this kind, however, may be in a great measure guarded 
against by making a judicious selection of situations for the 
dams and locks, and placing them in such a manner in the 
bed of the river, that the current may act on them in the 
direction least detrimental to their stability, as has been 
done in the dam at Fairmount water-works just alluded to.* 

The number of boats which passed through the locks of 
the Schuylkill navigation in 1836 was 24,470, the tolls on 
which amounted to L. 14,043. The various articles taken 
np the river during that year weighed 61,079 tons, and 

* Sir Wm. Cubitt has formed several reaches of slackwater navigation 
on ihe Severn, by erecting dams of masonry, which have been very suc- 
eewftll. {Stevenson* 9 Canal and River Engineering. A. and C Black. Edin* 
.bugli, 1858.) 
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those brought towards the sea 570,094 tons, of which 
432,045 tons were anthracite coal, from the State of Penn- 
sylvania. 

Slackwater navigation also occurs at intervals on many of 
the great lines of canal. About 78 miles of the Eideau 
Canal, in Canada, are, as formerly noticed, formed in this 
way, and in the United States it is met with on the Erie, 
Oswego, Pennsylvania, Frankston, Lycoming, and Lehigh 
Canals. The works which have been executed in forming 
most of the water communications in America, however, are 
not generally of the slackwater kind, but resemble the canals 
in use in Europe, being, in fact, artificial trenches or troughs, 
with locks to enable vessels to pass from one level ta another. 
The locks are furnished with boom-gates, which are opened 
and shut by a long lever fixed to the tops of the heel and 
mitre posts. The sluices by which the water is admitted 
into the locks are placed in the lower part of the gates. 
They are in general common hinge- sluices, opened by means 
of a rod extending to the top of the gates, and worked by a 
crank handle. 

The canals of this construction in the United States are 
so very numerous, and resemble each 6l;her so much, that I 
do not consider it necessary to give a detailed description of 
the various works which have been executed on all of them, 
but shall content myself with giving a brief sketch of the 
Erie Canal, which was the first in America on which the 
conveyance of passengers was attempted, and is the longest 
canal in the world regarding which we possess accurate 
information. 

The Erie Canal was commenced in 1817, and completed 
in 1825. The main line leading from Albany, on the Hud- 
son, to Buffalo, on Lake Erie, measures 363 miles in length, 
and cost about L.l, 400,000 sterling. The Cham plain, Os- 
wego, Chemung, Cayuga and Crooked Lake Canals, and 
some others, join the main line, and, including these branch 
canals, it measures 543 miles in length, and cost upwards of 
L.2,300,000. This canal is forty feet in breadth at the water 
line, twenty-eight feet at the bottom, and four feet in depth. 
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Its dimensions proved too small for the extensive trade 
irhich it had to support, and, as already stated, the depth of 
water wsts, when I saw it, being increased to seven feet, 
and the extreme breadth of the canal to sixty feet. The 
country through which it passes is admirably suited for 
canal navigation, and there are only eighty-four locks on 
the main line. These locks are each ninety feet in length, 
and fifteen in breadth, and have an average lift of eight feet 
two inches. The total rise and fall is 692 feet. The tow- 
path is elevated four feet above the level of the water, and 
is ten feet in breadth. The Erie Canal begins at Buffalo, 
on Lake Erie, and extends for a distance of about ten miles 
along the banks of Lake Erie and the river Niagara, as far 
as Tonewanta Creek. By means of the slack water navigation, 
formerly described, the channel of the Tonewanta is ren- 
dered navigable for the distance of twelve miles, and the 
canal is then carried through a deep cutting, extending seven 
and a-half miles, to Lockport. Here it descends sixty feet 
by means of five locks excavated in solid rock, and afterwards 
proceeds on a uniform level for a distance of sixty-three 
miles to Grenessee Kiver, over which it is carried on an aque- 
duct having nine arches of fifty-feet span each. Eight and 
a haK miles from this point it passes over the Cayuga marsh, 
on an embankment two miles in length, and in some places, 
seventy feet in height. It then passes through Lakeport 
and Syracuse, and at this place the "long level" commences, 
which extends for a distance of no less than sixty-nine and a- 
half miles to Frankfort, without an intervening lock. After 
leaving Frankfort, the canal crosses the river Mohawk, first by 
an aqueduct of 748 feet in length, supported on sixteen piers, 
elevated twenty-five feet above the surface of the river, and 
afterwards by another aqueduct 1188 feet in length, and at 
last reaches the town of Albany. 

Albcmy is the capital of the State of New York, and con- 
tains a population of about 30,000. It is situate on the west, 
or right bank of the Hudson, at the head of the natural 
navigation of the river ; but some improvements have been 
made, which enable vessels of small burden to ascend as far as 
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Waterford, thirteen miles above Albany. One of these im- 
provements has been effected by the erection of a dam across 
the Hudson 1100 feet in length and 9 feet in height, at a cost 
of upwards of L. 18,000. The lock connected with this dam 
measures 114 feet in length and 30 feet in breadth. Albany, 
however, may be said to monopolize the trade of the river, 
and, in addition to the interest it possesses as a place of 
great commerce, it is important from its position at the out- 
let of the Erie Canal, and has a large basin or depot for the 
accommodation of the boats or vessels. This basin, which 
has an area of thirty-two acres, is formed by an enor- 
mous mound, placed parallel to the stream of the Eiver 
Hudson, and enclosing a part of its surface. The mound 
is composed chiefly of earth, and is 4300 feet in length and 
80 feet in breadth, and being completely covered with large 
warehouses, it now forms a part of the town of Albany, with 
which it is connected by means of numerous drawbridges. 
The place has, in consequence, very much the same appear- 
ance as many of the Dutch towns. The lower extremity of 
the mound is unconnected with the shore, a large passage 
being left for the ingress and egress of vessels, but its upper 
end is separated from the bank of the river by a smaller 
opening, which is closed, when necessary, to prevent ice 
from injuring the craft lying in the basin. A stream of 
water is generally allowed to enter at the upper end, which, 
flowing through the basin, acts as a scour, and prevents it 
from silting up. The mound is surrounded by a wooden 
wharf like those of New York and Boston, at which vessels 
discharge and load their cargoes. This admirable basin 
forms a part of the Erie Canal works, and cost about 
L.26,000. 

According to the report of the Canal Commissioners, dated 
March 1837, the number of boats registered in the Comp- 
troller's office as navigating the Erie Canal and its branches, 
worf, — 

In 1834, . 2585 
„ 1835, . 2914 Increase, 329 
_ „ 183G, . 3167 „ 253 
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The total number of clearances or trips made during the 
same year was, — 

In 1834, . 64,794 
„ 1836, . 69,767 
„ 1836, . 67,270 

The average number of lockages per day at each lock 
was, — 

In 1834, . 95J 
„ 1835, . 112 
„ 1836, . 118 

The whole tonnage transported on the canal during the 
year 1836 was 1,310,807 tons, the value of which amounted 
to 67,643,343 dollars, or L.13,526,868. The proportion be- 
tween the weight of freight conveyed from the Hudson to 
the interior of the country and that conveyed from the in- 
terior of the country to the Hudson, was in the ratio of one 
to five. The tolls collected in 1836, for the conveyance of 
goods and passengers, amounted to L. 322,867. The rates 
.^charge, according to which the tolls are collected, are 
•fnnually changed, to suit the circumstances of the trade, 
-and are not the same throughout the whole line of the 
leanal, which renders it difficult to give a view of them. In 
1836, the passage-money from Albany to Bufifalo in the 
packet-boat was L.3, 3s., being at the rate of nearly 2d. per 
mile ; and in a line-boat, which is an inferior conveyance, 
Ji.l, 18s,, being at the rate of one-penny and two-tenths per 
mile. The expenditure for keeping the canal and its 
branches in repair during 1836 was 410,236 dollars, or about 
L.82,047, which, taking the whole length at 543 miles, gives 
tax average of L.151 per mile. The average cost of repairs 
for the six preceding years amounted to L.136 per mile. 

Before leaving the subject of canals, I must not omit to 
mention the Morris Canal, in the state of New Jersey, which 
I visited in company with Mr Douglass, the engineer^for 
that work, to whom I am essentially indebted for the infor- 
mation and attention which I received from him during my 
- dtay in America. This canal leads from Jersey on the Hud- 
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son to Easton on tbe Delaware, and connects these two 
rivers. The breadth at the water-line is thirty-two, and at 
the bottom sixteen feet, and the depth is four feet. It is 
101 miles in length, and is said to have cost about L.600,000. 
It is peculiar as being the only canal in America in which 
tbe boats are moved from different levels by means of in- 
clined planes instead of locks. The whole rise and fall on 
the Morris Canal is 1557 feet, of which 223 feet are over- 
come by locks, and the remaining 1334 feet by means of 
twenty-three inclined planes, having an average lift of 58 
feet each. The boats which navigate this canal are 8 J feet 
in breadth of beam, from 60 to 80 feet in length, and from 
twenty-five to thirty tons burden. The greatest weight ever 

', drawn up the planes is about fifty tons. Plate VI. is a 
drawing of one of the boat-cars used on this canal. Fig. 1 
is an elevation, in which the boat is shown in dotted lines ; 

: and fig. 2 is a plan of the car. It consists of a strongly 

■ made wooden crib or cradle, marked a, on which the boat 
rests, supported on two iron waggons running on four wheels. 
When the car is wholly supported on the inclined j^ane, or 
is resting on a level, the four axles of the waggons, h, are 

. all in the same plane, as shown by the dotted line x y ; but 
when one of the waggons rests on the inclined plane, ftnd 
the other on the level surface, their axles no longer remain 
in the same plane, and their change of position produces a 
tendency to rack the cradle, and the boat which it supports; 
but this has been guarded against in the construction of the 
boat-cars on the Morris Canal by introducing two axles, 
shown at c, on which the whole weight of the crib and boat 
are supported, and on which the waggons turn as a centre. 
The cars run on plate-rails laid on the inclined planes, and 
are raised and lowered by means of machinery driven by 
water-wheels. I examined several of the planes on this 
canal near Newark, which appeared to operate remarkably 
well. The railway, on which the car runs, extends along 
the bottom of the canal for a short distance from the lower 
extremity of the plane ; when a boat is to be raised, the car 
is lowered into the water, and the boat being floated over it, 
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B made faat to the part of the framework which projects 
kboTo the ganvale, Eia shown ia the drawing at d. The ma- 
chiiieiy is then put in motion ; and the car bearing the boat, 
is drawn Iiy a chain to the top of the inclined plane, at which 
there is b. lockfoi its reception. The lock is furnished with 
gates at both extremities ; after the car has entered it, the 
gfites next tLe top of the inclined plane are closed, and, 
those nexf tbo canal being opened, the water flows in and 
floats the boat off the car, when she proceeds on her way. 
Her place is supplied by a boat travelling in the opposite 
direction, which enters the lock, and the gates next the 
canal being closed, and the water run off, she grounds on 
the car, Tiie gates next the plane are then opened, the car 
is gendy lowered to the bottom when it enters the water, 
and the boat is again floated. The principal objection which 
has been urged against the use of inclined planes for moving 
boats from riilferent levels is founded on the injury which 
they are apt to sustain in supporting great weights while 
resting on tbe cradle during its passage over the planes. It 
can hardly be supposed that a slimly built canal boat, 
measuring from sixty to eighty feet in length, and loaded 
with a weight of twenty or thirty tons, can be grounded, 
even on a smooth surface, without straining and injuring 
her timbers ; but this has, been overcome on tbe Monkland 
Canal, when Mr Leslie formed upon the carriage a caisson 
of boiler-plate containing two feet of water, so that tbe boats 
are water-borne.* 

• Tnolined planei were u»d on tha KoWing Cftnal in Shropihire in 17B9, 
nnd &fternards on the Dake of BridgewaUr'a CmbI. Mr Green Introduced, 
on the Great VesUn, Canal, a perpflodicular lift of 46 feet, and more re- 
cently (1850) Mr Laalie of Edinburgh, and Mr Bateman of Manchester, oon- 
Htruated an inaiined plane on the Monkland Canal, wrought bj two high- 
preuare a team -engines of SC home power each. Tha height, from surface 
to nirfBce, is 96 feet, and tha gradient Is one In ten. Tha boatt are not 
wholly ground^jd an the oarriage, but are transported in ■ caieson of boiler- 
plnte, containing two feet of water. Tbe muximum weight raised ia froni 
70 to SD tons, aod tlia whole transit ia acootnpliahed in about ten micutai. 
Far tbe Gie years previoui to the end of 1856, tha average number of boats 
that pasted ocer the inelina eaoh year was 7500. Sir Wm. Cubitt hai 
■IfoiaUadai 1 ihrea inclined planes, h&Ting gradient! of one and eight, on 
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But notwithstanding this objection, the twenty-three in- 
clined planes on the Morris Canal are in full operation, and 
act exceedingly well. No pains have been spared to render 
the machinery connected with them as perfect as possible, 
and the greatest credit is due to the engineer for the success 
which has attended their operation. 

The Lachine, the Bideau, the Grenville, the Welland, 
and the St Lawrence Canals, are the only artificial water- 
communications in British America ; but as I have already 
noticed these works in the chapters on Eiver and Lake 
Navigation, it is unnecessary again to allude to them. 

the Chard Canal, Somersetshire. One of these inclines oyercomes a rise of 
86 feet. {Stevenson's Caned and River Engineering ) 
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CHAPTEB VII. 

ROADS. 

Roads not suitable as a means of communication in America— Condition of 
the American Roads — " Corduroy Roads" — Roads from Pittsburg to Erie 
—New England Roads— The " National Road"— The " Macadamised 
Road" — City Roads — Causewaying or Pitching — Brick Pavements — 
Macadamising — Tesselated wooden Pavements used in New York and 
in St Petersburg. 

Boad-making is a branch of engineering which has been 
very little cultivated in America, and it was not until the 
introduction of railways that the Americans entertained the 
idea of transporting heavy goods by any other means than 
those afforded by canals and slack water navigation. They 
object to macadamized roads, in consequence of the hurtful 
effects of their severe and protracted winters in all such works 
as more particularly noticed in the chapter on railways, and 
alflo on account of the difficulty and expense of obtaining 
materials suitable for their construction, and for keeping 
them in a state of proper repair. Stone fitted for the purposes 
of road-making is by no means plentiful in America ; and 
as the number of workmen is small in proportion to the 
quantity of work which is generally going forward in the 
country, manual labour is very expensive. Under these 
oircmnstances, it is evident that roads would have been a 
very costly means of communication, and as they are not 
suitable for the transport of heavy goods, the Americans, in 
oommencing their internal improvements, directed their 
vhole attention to the construction of canals, as being much 
better adapted to supply their wants. 
.. The roads throughout the United States and Canada, are. 
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from these causes not very numerous, and most of those by 
which I travelled were in bo neglected and wretched a 
coadttion, as hardly to deserve the name of highways, being 
quite unfit for any vehicle but an American stage, and any 
pilot but an American driver. In many parts of the country, 
the operation of cutting a track through the forests of a suffi- 
cient width to allow vehicles to pass each other, is all that 
has been done towards the fMraation of a road. The roots 
of the felled trees are often not removed, and in marshes, 
where the ground is wet and soft, the trees tbemselveB are 
cut in lengths of about ten or twelve feet, and laid close to 
each other across the road, to prevent the wheels from sink- 
ing, forming what is called in America a " Corduroy road," 
over which the coach advances by a series of leaps and starts, 
particularly trying to those accustomed to the comforts of 
Eiiroiiean travelling. The following diagram represents the 
manner in which these roads are formed, fig. 1 being a pUn, 
and fig. 2 a view of the ends of the logs, 




On the road leading from Pittsburg on the Ohio to th« 
town of Erie on the lake of that name, 1 saw all the varieties 
of forest road-making in great perfection. Sometime« our 
way lay for miles through extensive marshes, which w» 
crossed by corduroy roads, formed in the manner shown 
altove ; at others the coach stuck fast in mud, from which 
it rould be extricated only by the combined efforts of the 
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ooachman and passengers ; and at one place we travelled for 
upwards of a quarter of a mile through a forest flooded with 
water, which stood to the height of several feet on many of 
the trees, and occasionally covered the naves of the coach- 
wheels. The distance of the route from Pittshurg to Erie 
is 128 miles, which was accomplished in forty-six hours, 
being at the very slow rate of about two miles and three 
quarters an hour, although the conveyance by which I travel- 
led carried the mail, and stopped only for breakfast, dinner, 
and tea, but there was considerable delay caused by the coach 
being once upset and several times " mired." 

The best roads in the United States are those of New 
Ungland, where, in the year 1796, the first American turn- 
pike act was granted. These roads are made of gravel. The 
surface of the New England roads is very smooth ; but as no 
attention has been paid to forming or draining them, it is 
CHily for a few months during summer that they possess any 
guperiority, or are, in fact, tolerable. In Virginia and 
all the States lying to the south, as well as throughout the 
whole country to the westward of the Alleghany Mountains, 
the roads, I believe, are, generally speaking, of the same 
description as the one already mentioned between Pittsburg 
and Erie, affording very little comfort or facility to those 
who have the misfortune to be obliged to travel upon them. 

But on the construction of one or two lines of road, the 
Americans have bestowed a little more attention. The most 
remarkable of them is that called the '^ National Boad,'' 
stretching across the country from Baltimore to the State of 
Illinois, a distance of no less than 700 miles, an arduous and 
extensive work, which was constructed at the expense of the 
goremment of the United States. The narrow tract of land 
from which it was necessary to remove the timber and brush- 
wood for the passage of the road measures eighty feet in 
bxBadtb ; but the breadth of the road itself is only thirty 
faet. Commencing at Baltimore, it passes through part 
6f the State of Maryland, and entering that of Penn- 
fylTania, crosses the range of the Alleghany Mountains 
lAer whioh, it passes through the States of Virginia, Ohio 
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and Indiana, to Illinois. It is in contemplation to produce 
this line of road to the Mississippi at St Louis, where, the 
river being crossed by a ferry-boat stationed at that place, 
the road is ultimately to be extended into the State of Mis- 
souri, which lies to the west of the Mississippi. 

The " Macadamized road," as it is called, leading from 
Albany to Troy, is another line which has been formed at 
some cost, and with some degree of care. This road, as its 
name implies, is constructed with stone broken, according to 
Macadam's principle. It is six miles in length, and .has 
been formed of a sufficient breadth to allow three carriages 
to stand abreast on it at once. It belongs to an incorporated 
company, who are said to have expended about L. 20,000 in 
constructing and upholding it. 

Some interesting experiments have lately been set on foot 
at New York, for the purpose of obtaining a permanent and 
durable City Eoad, for streets over which there is a great 
thoroughfare. The place chosen for the trial was the Broad- 
way, in which the traffic is constant and extensive. 

The specimen of road-making first put to the test was a 
species of causewaying or pitching ; but the materials em- 
ployed are round water- worn stones, of small size ; and their 
only recommendation for such a work appears to be their 
great abundance in the neighbourhood of the town. The 
most of the streets in New York, and indeed in all the 
American towns, are paved with stones of this description ; 
but, owing to their small size and round form, they easily 
yield to the pressure of carriages passing over them, and pro- 
duce the large ruts and holes for which American thorough- 
fares are famed. The footpaths in most of the towns are 
paved with bricks set on edge, and bedded in sand, similar 
to the " clinkers," or small hard-burned bricks so generally 
used for road-making in Holland. 

The second specimen was formed with broken stones, but 
the materials, owing chiefly, no doubt, to the high rate of 
wages, are not broken sufficiently small to entitle it to the 
name of a " macadamized road." It is, however, a wonder- 
ful improvement on the ordinary pitched pavement of the 
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conDtry, and the only objections to ita general introduction, 
SB already noticed, are the prejudicial effects produced on it 
by the very intense frost with which the country is visited, 
and the expense of keeping it in repair. 

The third specimen consisted of a species of iesselated 
pavement, formed of hexagonal billets of pine wood measur- 
ing six inches on each side, and twelve inches in depth, 
arranged as shown in the following cut, in which fig. 3 ia a 




view of part of the surface of the pavement and fig 4 is one 
of the billets ofwooiofwhch t s eomp sed shoisn on a 
large scale. From the n anner n wh ch the t mher s 
arranged, the pressu e falls on t parallel to the direct on in 
which its fibres lie, bo that the tendency to wear is very 
small. The blocks a e coat d w th p t h or tar and are set 
in sand, forming a smo th su face for carr ages, wh ch pass 
easily and noiselessly over it. Since the date of my tour 
tbis plan has been fully tried in London and Paris, and in 
both places it has been found unsuccessful, and stone has 
■gain been adopted. 
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CHAPTEE Vin. 



BRIDGES. 

Great Extent of many of the American Bridges — Different Constmotions 
adopted in America— Bridges over the Delaware at Trenton, the 
Schaylkill at Philadelphia, the Susquehanna at Columbia, the Rapids 
at the Falls of Niagara, &c. — Town's " Patent Lattice Bridge"— Long's 
Patent Truss Bridge." 
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The vast rivers, lakes, and arms of the sea in America 
which have been spanned by bridges, are on a scale which 
far surpasses the comparatively insignificant streams of this 
country, and, but for the facilities aflforded for bridge-building 
by the great abundance of timber, the only communication 
across most of the American waters must have been by 
means of a ferry or a ford. The bridge over the Eiver Sus- 
quehanna at Columbia, and that over the Potomac at Wash- 
ington, for example, are each one mile and a quarter in 
length ; and in the neighbourhood of Boston there are no 
less than seven bridges, varying from 1500 feet to one mile 
and a half in length. The bridge over Lake Cayuga is one 
mile, and those at Kingston on Lake Ontario, and at St 
John's on Lake Champlain, are each more than one-third 
of a mile in length. 

The American bridges are in general constructed entirely 
of wood. Although good building materials had been plen- 
tiful in every part of the country, the consumption of time 
and money attending the construction of stone bridges of so 
great extent must, if not in all, at least in most cases, have 
proved too considerable to warrant their erection. Many of 
those recently built, however, consist of a wooden super- 



■ctBTe meting on Gtone-piers, and in general exhibit spvH 
Bens of good carpentry, and not un frequently of gooff^ 
ttineeriag. In those bridges which are of coneidenble 
jtent and importance, the loadway, and the timhers by 
pich it ifi 8Upp<jrted, are protected by a roof or covering to 
JBBerve the wood from decay, in the manner shown in Plate 
III., in which, in order to show the timbers, c4io-half of 
b teidge is represented as covered in, and the other half 
wft exposed. The roadway is ligbted by wiudowa, formed 
MnTenient distances in the roof, as shown in the drawings. 
B wooden bridges in Switzerland and Germany are often 
wed in the eame manner as those in America ; and by 
Btifig; this plan, the objections to wood as a building ma- 
Bl, arising from its tendency to decay by exposure to the 
Ksphere, are in some degree palhated. The planking or 
Hug of the American bridges is never covered with any 
■position, as is done in this country. 
■be simplest method of constructing wooden bridges is to 
Bl the roadway on horizontal beamH, supported on a series 
Kles driven into the ground, and where the nature of the 
BtioB admits of this construction, it is very generally 
Mted in America. But in spanning rivere, where it is of 
Sequence to preserve a large water way for the passage of 
■or on railways, where it b often necessary that the snr- 

■ of the rails should have a considerable etevation above 
BleTel of the water or ravine over which tbey are to pass, 
nie of horizontal beams supported on piles is often wholly 
Bacticabie, and in such situations other ccoi struct ions 

■ been resorted to for forming communications, some of 
■h I shUl briefly notice. 

■ate VII. is the bridge over the Biver Delaware at 
■too, about thirty miles from Philadelphia. This bridge 
KrtE of five wooden arches, three of 200, one of IgO, and 
IW 160 feet span, supported on four stone piers.* Fig. 
Eftn elevation of the bridge, fig. 2 is a plan of one of the 
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f lUis bridge 
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arches, and fig. 3 is a cross section ; ^g, 4 is an enlarged 
view, showing one of the piers, and a part of two of the 
arches. The roadway of each span or opening, is suspended 
by iron rods, from five wooden arcs, a in figs. 3 and 4, on 
the same principle as the iron bridge over the Eiver Aire at 
Leeds in Yorkshire. The wooden arcs in the three largest 
openings are 200 feet in span, and have a versed sine of 27 
feet. The arcs and suspending rods divide the roadway into 
four compartments, as shown in fig. 3, forming two carriage- 
ways in the middle of the bridge, each of which is nine feet 
ten inches in the clear, and a footpath at each side four feet 
ten inches in the clear. The entire bresidth of the bridge, 
measured over the outer suspending arcs, is thirty-three feet 
eight inches. The whole is covered with a roof, in the man- 
ner shown in the drawing. 

The suspending arcs, a, fig. 4, abutt against strong oak 
planks, as shown at a;, which extend throughout the whole 
breadth of the stone piers. They are supported at each pier 
by struts c in figs. 2 and 3, and are connected at the top by 
a series of diagonal beams, represented by the dotted lines 
in fig. 2. These extend only about half-way down the arcs 
on each side of the crown, so that they do not interfere with 
the height of the roadway. The suspending arcs are com- 
posed of eight thicknesses of pine plank, and measure two 
feet eight inches in depth, and one foot one inch in breadth. 
The planks of which they are made measure one foot one 
inch in breadth, four inches in thickness, and from thirty to 
fifty feet in length, and are arranged so as to break joint. 
The wooden braces, c, ^g. 4, are for the purpose of stiffening 
the roadway. They are fixed at the points, e, to the sus- 
pending arcs, and at / to the longitudinal bearing beams of 
the roadway by straps of iron. The suspending rods, d, are 
formed of malleable iron, and occur at every sixteen feet in 
the two exterior arcs, and at every eight feet in the three 
inner ones, which support the carriage-way. 

The bridge over the Susquehanna at Columbia is con- 
structed somewhat on the same principle as the one at Tren- 
ton which 1 have just described. The wooden suspending 
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arcs, however, do not spring from the level of the roadway, 
bnt from a point about eight feet below it. In each span of 
tlie bridge, therefore, that part of the roadway which is next 
the springings is supported upon the arcs ; and the centre 
part of it is suspended from them by a framing of wood. 
This bridge, which was begun in 1832, and completed in 
1834, is perhaps the most extensive arched bridge in the 
world. It is certainly a magnificent work, and its architec- 
tnral effect is particularly striking. It consists of no fewer 
than twenty-nine arches of 200 feet span, supported on two 
abutments, and twenty-eight piers of masonry, which are 
founded on rock, at an average depth of six feet below the 
surface of the water. The water-way of the bridge is 5800 
feet ; and its whole length, including piers and abutments, 
is about one mile and a quarter. The bridge is supported 
by three wooden arcs, forming a double roadway, which is 
adapted for the passage both of road and railway carriages. 
There are also two footpaths ; which make the whole breadth 
of the bridge thirty feet. The arcs are formed in two pieces, 
each measuring seven inches broad by fourteen inches in 
depth. -These are placed nine inches asunder ; and the 
beams composing the wooden framing, by which the roadway 
is suspended, are placed between them, and fixed by iron 
bolts passing through the whole. 

Plate VIII. is the " Market Street Bridge," over the 
Schuylkill at Philadelphia. Fig. 1 is an elevation, fig. 2 a 
plan, and fig. 3 a cross section. It consists of three arches. 
The span of the centre arch is 194 feet ten inches, and the 
versed sine is twelve feet. The other two arches are 150 
feet in span, and have versed sines of ten feet. The breadth 
of the roadway is 35 feet. The piers were built with coffer- 
dams, one of them at the depth of 41, and the other at the 
depth of 21 feet below the surface of the river at high water. 
The work was commenced in 1801, and completed in 1805 ; 
and the expense, which amounted to L. 60,000, was defrayed 
by a company of private individuals. There is another bridge 
oyer the Schuylkill at Philadelphia, consisting of a single 
arch of no less than 320 feet span, having a versed sine of 
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about 38 feat. Thia bridge has a breadth of roadway of 
about 30 feet. It haa been erected for several years, and is 
still in good repair and constant nse. I regret, however, 
that I was unable to procure drawings of the wooden ribs or 
frames of which it is composed, sufficiently detailed and ac- 
curate to enable me to lay them before the public ;* but the 
accompanying cut is from a sketch taken by me on the spot. 




The bridge across the rapids of the River Niagara ia placed 
only two or three hundred yards from the edge of the great 
falls. It extends from the American bank of the river to 
Goat Island, which separates what is called the " American" 
from the " British fall." The Buperstnicture of the bridge 
is formed of timber. It is 396 feet in length, and is sup- 
ported on six piers, formed partly of stone and partly of 
wood. When I visited the Falls of Niagara in the month of 
May, the ice carried down from Lake Erie by the rapidtflii^^ 
the river, was rushing past the piers gf this bridge with a ^ 
degree of violence that was quite terrific, and seemed every 
moment to threaten their destruction. 

The following very interesting account of this work is 
given by Captain Hall ;f — 

" The erection of such a bridge at such a place is a won- 

* Thi] remarkkbla brldga hu be«D burnt doirn. 

t Fort; Etchlngt.from alKtobei rtMle in North Amtrioa, with thaCamfrk 
Liuidl., b; C^Min Bull HaU. Bdinborgh, tSSO. 
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derfal effort of boldness and skill, and does the projector and 
Architect, Judge Porter, the highest honour as an engineer. 
This is the second bridge of the kind ; but the first being 
built in the still water at the top of the rapids, the enor- 
mous sheets of ice, drifted from Lake Erie, soon demolished 
the work, and carried it over the falls. Judge Porter, how- 
ever, having observed that the ice in passing along the rapids 
was speedily broken into small pieces, fixed his second bridge 
much lower down, at a situation never reached by the large 
masses of ice. 

" The essential difiiculty was to establish a foundation for 
his piers on the bed of a river covered with huge blocks of 
stone, and over which a torrent was dctshing at the rate of 
six or seven miles an hour. He first placed two long beams, 
extending from the shore horizontally forty or fifty feet over 
the rapids, at the height of six or eight feet, and counter- 
balanced by a load at the inner ends. These were about two 
yaids asunder ; but light planks being laid across, men were 
enabled to walk along them in safety. Their extremities 
were next supported by upright bars passed through holes 
in the ends, and resting on the ground. A strong open 
frame-work of timber, not unlike a wild beast's cage, but 
open at top and bottom, was then placed in the water imme- 
diately under the ends of the beams. This being loaded 
with stones, was gradually sunk till some one part of it — no 
matter which — touched the rocks lying on the bottom. As 
aoon as it was ascertained that this had taken place, the 
sinking operation was arrested, and a series of strong planks, 
three inches in thickness, were placed, one after the other, in 
the river, in an upright position, and touching the inner sid(^s 
of the frame-work. These planks, or upright posts, were now 
thrust downwards till they obtained a firm lodgment among 
the stones at the bottom of the river ; and, being then securely 
bolted to the upper part of the frame-work, might be consi- 
dered parts of it. As each plank reached to the ground, it 
acted as a leg, and gave the whole considerable stability, 
while the water flowed freely through openings about a foot 
wide, left between the planks. 
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" This great frame or box, being then filled with large 
stones tumbled in from above, served the purpose of a niicleofl 
to a larger pier built round it, of much stronger timbers firmly 
bolted together, and so arranged as to form an outer case, 
distant from the first pier about three feet on all ita four 
sides. The intermediate space between the two frkmes was 
then filled up by large masses of rock. This constituted 
the first pier. 

" A second pier was easily built in the same way, by pro- 
jecting beams from the first one, as had been previously done 
from the shore ; and so on, step by step, till the bridge reached 
Goat Island. Such is the solidity of these structures, that 
none of them has ever moved since it was first erected, seve- 
ral years before we saw it." 

Plate IX. is a drawing of " Town's Patent Lattice Bridge," 
which is much employed on the American railways. This 
construction is sometimes used for bridges of so large a span 
as 150 feet, and it exerts no lateral thrust tending to over- 
.turn the piers on which it rests. A small quantity of ma- 
terials of very small scantling, arranged in the manner 
shown in the plate, possesses a great degree of strength and 
rigidity. 

For this drawing I am indebted to Mr Eobinson of Phila- 
delphia, who is constructing many large bridges on this 
principle on the Philadelphia and Reading railway, several 
of which I examined both in their finished and unfinished 
state. 

Fig. 1 is an elevation, and fig. 2 a cross section on an en- 
larged scale of the frame-work of the bridge, in which a is 
the surface of the railway ; the lattice framing or ribs b of 
which the bridge is formed are composed entirely of pine 
planks, measuring twelve inches in breadth, and three inches 
in thickness. The planks are arranged at right angles to 
each other, so as to form a fabric resembling lattice-work, 
as shown in the drawing ; and from this circumstance the 
bridge derives its name. They are fixed at the points of 
their intersection by oak treenails, one inch and a half in 
diameter, passing through them. The horizontal runners, 
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c, are formed of planks of the same scantling, and extend 
throughout the whole length of the bridge. They are also 
fixed at the points where they intersect the planks 6, by oak 
treenails passing through the whole, as shown by the dotted 
lines at /, in fig. 2. The depth of the lattice- work is pro- 
portioned to the span of the bridge. The span shown in the 
drawing is seventy-eight feet, and the depth of the ribs is 
nine feet six inches. In a bridge of larger span, the planks 
h would be made of greater length, and another square or 
diamond added to the lattice work. 

There were only two ribs or frames of lattice-work in all 
of the bridges constructed on this principle which I examined. 
One of these was placed under each side of the roadway, as 
shown in the cross section, fig. 2, by the letters hh. The ribs 
are connected together at the bottom by cross beams c, at 
every twelve feet. At the top they are connected in a simi- 
lar manner by beams cZ, at every six feet. On these, the 
longitudinal beams g are supported, to which the planking 
of the roadway is spiked. To prevent the ribs from twisting 
or warping, they are braced at every twelve feet by diagonal 
beams arranged in vertical planes, as shown at h in fig. 2. 
Fig. 3 is a plan of the wood-work directly under the roadway. 
In this figure the beams d, are those on which the planking 
of the roadway is spiked, and the diagonal braces m arranged 
in horizontal planes are introduced to render the structure 
rigid. For the same reason the braces i are introduced, as 
shown in fig. 4, which is a plan of the wood-work connecting 
the lower part of the lattice frames. The diagonal braces. 
are all fixed in the same manner. One of the extremities 
rests in a seat cut for it in the beam against which it abutts, 
and wedges of hard wood are inserted at the other end, by 
which the brace can be nicely adjusted, and afterwards tight- 
ened up, should the vibration of passing trains, or the effects 
of the atmosphere, cause any yielding of the timber to take 
place. 

The lattice-frames have a rest of about five feet, in checks 
formed in the stone abutments for their reception, as shown 
in dotted lines in the elevation fig. 1 and in fig. 5, which is 
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a plan of one of the abutments. If the bridge is of greater 
extent than can be included in one span, it is simply rested 
on a thin pier, in the manner shown in the elevation, without 
any other support. A covering of light boarding, extending 
from the level of the roadway to the bottom of the ribs, is 
spiked on the outside of the lattice-work to preserve the 
timber. 

The largest lattice-bridge which I met with, was construc- 
ted by Mr Eobinson on the Philadelphia and Beading Rail- 
road. It measures 1100 feet in length. The lattice-frames 
of which it is formed extend throughout the whole distance 
between the two abutments without a break, and are supported 
on ten stone piers, in the manner shown in the plate. On 
the New York and Haerlem Railway, there is a lattice-bridge 
736 feet in length, supported in the same manner on four 
stone piers. 

Plate X. is a drawing of " Long's patent frame bridge,'* 
which is also much employed on the different lines of rail- 
way in the United States.* 

Fig. 1 is an elevation ; fig. 2 a plan ; and fig. 3 a cross 
section of this bridge, which contains a small quantity of 
materials, and exerts no lateral thrust. Bridges constructed 
on this principle, having spans of from one hundred to one 
hundred and fifty feet, are very commonly met with. That 
shown in the drawing is 110 feet in span, and the depth of 
the truss-frame is 15 feet. In the accompanying plate, a is 
the level of the railway ; h the " string-pieces," as they are 
called in America ; c the " posts ;" d the " main-braces ;" 
and c the " counter-braces." 

The string-pieces are formed of three beams, in the manner 
shown in the plan and cross section. The post and main- 
braces are in two pieces, and the counter-braces are formed 
of a single beam. Figs. 4, 5, 6, and 7, illustrate the manner 
in which the joining is formed, at the points where the posts 
and braces are attached to the string-pieces. This joining 
is effected without the use of bolts or spikes, a construction 

• A deseripUoD of Long's Bridge. Concord, 1836. 
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is effected without the use of holts or spikes, a construction 
which admits of the bridge being very easily repaired, when 
decay of the materials or other causes renders it necessary. 
Figs. 4 and 5 are enlarged diagrams, showing the manner 
in which the posts are fixed to the strings. In fig. 4 the 
strings are shown in section at letter 6, and the posts passing 
between them at c. In fig. 5 the posts are shown in section 
at c, and the strings at h. Fig. 6 shows the manner of fixing 
the main and counter braces to the upper string-piece. In 
this diagram h is the string, c the post, d the main-brace, e 
the counter-brace, and g is a. wedge of hardwood, by which 
the whole wood-work is tightened up. Fig. 7 shows the 
manner of fixing employed at the lower string. In this 
diagram b is the string, c the post, d the main-brace, e the 
counter-brace, g a wedge of hard wood, and /a block on which 
the counter-brace rests. The frames are connected at the 
top by cross beams, x, and at the bottom by the beams 
marked letter y, which support the planking of the roadway. 

I met with Long's Bridge in many parts of the country, 
but the best specimens I saw were those erected on some of 
the railways in the neighbourhood of Boston under the direc- 
tion of Mr Fessenden the engineer. 

The timbers of which Town's and Long's bridges are com- 
posed, are fitted together on the ground previous to their 
erection on the piers. They are again taken asunder, and 
each beam is put up separately in the place which it is to 
occupy, by means of a scaffolding or centering of timber. 

Mr Gralton in his report on railways, made to the Board of 
Trade, so recently as 1857, says : — " The bridges are ordi- 
narily of timber. The designs of many of the bridges for 
large spans, and also of the roofs of stations in which timber 
alone, or timber in connection with iron, is used, exhibit 
great engineering skill, and are very instructive. The rail- 
way bridge of largest span is the suspension bridge over the 
Nii^^ara River, connecting the United States with Canada. 
The span of the bridge is 800 feet, and the level of the rails 
IB 250 feet above the water. The particulars of this bridge 
have been already published in this country. On many 

6 
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railways iron and stone are being adopted to replace timber 
structures which have decayed. I have appended a sketch 
of one iron, and one wooden bridge, of recent construction, 
which deserve consideration." The example of the wooden 
bridge given by Captain Galton closely resembles Long's 
bridge, which I have described at page 144. In the iron 
bridge the roadway is suspended by radiating iron rods, 
attached to either end of a cast-iron stretcher. It ap- 
pears to me, however, that it is in timber work that the 
Americans excel, and that it is their timber structures 
which are most interesting to British engineers, who have 
ample opportunity of studying stone and iron bridges at 
home. To any engineer about to practise in a new country, 
the study of the American timber bridges is invaluable, as 
showing what gigantic and useful works may be constructed 
with that material, which, to a greater or less extent, every 
new country produces. 
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CHAPTEE IX. 

RAILWAYS. 

European Railways — Introduction of Railways into the United States — The 
European construction of Railways unsuitable for America — Attempts 
of the American Engineers to construct a Railway not likely to be 
affected by frost — Constructions of the Boston and Lowell, New York 
and Paterson, Saratoga and Schenectady, Newcastle and Frenchtown, 
Philadelphia and Columbia, Boston and Providence, Philadelphia and 
Norristown, New York and Haerlem, Buffalo and Niagara, Camden and 
Amboy, Brooklyn and Jamaica, and the Charleston and Augusta Rail- 
roads — Rails, Chairs, Blocks, and Sleepers used in the United States — 
Original Cost of American Railways — Expense of upholding them — 
Power employed on the American Railways — Horse-power — Locomotive 
Engines — Locomotive Engine Works in the United States — Construction 
of the Engines — Guard used in America — Fuel — Engine f^r burning 
Anthracite Coal — Stationary Engines — Description of the Stationary 
Engines, Inclined Planes, and other works on the Alleghany Railway 
— Railway from Lake Champlain to the St Lawrence in Canada. 

The first railway constructed in America was completed 
in 1827, and was intended for the conveyance of stone irdfin 
the Quincy-granite quarries to a shipping port on the Eiver 
Neponsett in Massachusetts, a distance of about four miles. 
In 1837, after a lapse of 10 years, I found that there were 
67 railways completed and in full operation, whose aggregate 
length was 1600 miles, while the works in an unfinished 
state amounted to about 2800 miles. In 1857, after a lapse 
of 20 years, it appears from the report by Captain Qalton, 
already quoted, that the American railway system has been 
greatly extended, and that about " 26,000 miles of railway 
were in operation at that date, of which, however, not more 
than one sixth is double line." 

Now it is a singular and significant fact, as already stated 



148 RAILWAYS'. 

in the preface, that, notwithstanding this enormous exten- 
sion of railways, and the experience which must have been 
gained during the course of their construction, the American 
railway system appears to have undergone little or no change 
during the last 20 years, excepting in its extent. Throughout 
the interesting report of Captain Qalton, K.E., made to the 
Board of Trade in 1857, the same features which I found to be 
peculiar to that system in 1837, seem to be regarded as its pe- 
culiarities still ; and as these peculiarities of construction, to- 
gether with others due to climate, which, of course, cannot 
change, formed the substance of my original remarks on 
American railways, I have no hesitation in repeating here the 
chapter originally written ; and at its close I shall avail myself 
of Captain Gal ton's valuable report, to give some description 
of the American railway legislation, and particularly of the 
great Prairie lines which have been constructed since my 
visit to the country, and which he has minutely examined. 

The early American railroads consisted of iron rails and 
chairs resting on stone blocks, and were constructed on the 
same principles as those in this country. But the American 
engineers soon discovered that this construction of road, al- 
though it bad been to a certain extent successfully applied 
in England, was not at all capable of withstanding the ri- 
gours of an American winter. The intense frost, with which 
the northern part of the country is visited, was found to split 
the stone blocks and to affect the ground in which they 
were imbedded, to such a degree, that their positions were 
materially altered, and the rails were in many cases so much 
twisted and deranged as to be quite unfit for the passage of 
carriages. The consequence was, that most of the railroads, 
constructed in the United States after the English system, 
had actually to be relaid at the close of every winter, and 
during the continuance of the frost could only be travelled 
on at a decreased speed. The Americans have put numerous 
plans to the test of actual experiment, in their endeavours 
to form a structure for supporting the rails, adapted to the 
p-limate and circumstances of the country. There are hardly 
railways in the United States (1837) which are made 
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exactly in the same way ; but although great improvements 
have been eflfected, it is doubtful whether a structure per- 
fectly proof against the detrimental effects of frost has yet 
been produced. An enumeration of the various schemes 
which have been proposed for the construction of railways 
in America, would not be very useful, even if it were possible. 
I shall, therefore, only mention those constructions which 
came under my own observation, some of which are found 
to be very suitable. 

The Boston and Lowell Kailway in Massachusetts is 
twenty-six miles in length, and is laid with a double line of 
rails. The breadth between the rails, which is four feet 
eight and a half inches, is the same in all the American rail- 
roads, and the bieadth between the tracks is six feet.* 

Fig. 1 is a transverse section, and fig. 2 a side view, of 
one of the tracks, in which a are granite blocks, six feet in 

Pig. 1. Fig. 2. 
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length, and about eighteen inches square. These are placed 
transversely, at distances of three feet apart from centre to 
centre, each block giving support to both of the rails. This 
construction t was first introduced in the Dublin and Kings- 
town Eailway, in Ireland, but was found to produce so rigid 
a road, that great difficulty was experienced in securing the 
fi:|.tures of the chairs. From the difficulty, also, of procur- 
ing a solid bed for stones of so great dimensions, most of 

• Captain Gallon (in 1856), says, that " the general gauge in the United 
States is four feet eight and a-half inches ; that the New York and Erie, 
and one or two lines in connection with it, have a six feet gauge ; and that 
the gauge of the Canadian lines is five feet three inches." 

t Transactions of the Society of Arts for Scotland ; Edinburgh New Philo- 
■opfaioal Journal for April 1835 and April 1830. 
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them, after being subjected for a short time to the traffic of 
the railway, were found to have split. The blocks on the 
.Boston and Lowell Kailway were affected in the same 
manner, and are besides found to be very troublesome during 
frost. 

Fig. 3 is an enlarged view of the rail and chair used on 
this line. The rails are fish-bellied, weigh 40 lb. per lineal 
yard, and rest in cast-iron chairs, weighing 16 lb. each. The 
form of the rails and chairs resembles that at first used on 
the Liverpool and Manchester Kailway. 

Figs. 4 and 5 represent another construction which has 
been tried on this line. In these views a are longitudinal 
trenches, two feet six inches square, and four feet eight and 
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a half inches apart from centre to centre,v formed in the 
ground, and filled with broken stone, hard punned down with 
a wooden beater, as a foundation for the stone blocks h on 
which the rails rest. These blocks measure two feet square, 
and a foot in thickness, and c is a transverse sleeper of wood, 
two feet eight inches and a half in length, one foot in 
breadth, and eight inches in thickness, which is placed be- 
tween the blocks to prevent them from moving. 

The plan of resting the railway on a foundation of broken 
stone, shown in the last and some of the following figures, 
was adopted in the expectation that it might be sunk to a 
sufficient depth below the surface of the ground, to prevent 
the frost from afi*ecting it ; but it has failed to produce the 
desired effect, as subsequent experience has shown that many 
of those railways whose construction was more superficial 
have resisted the effects of frost much better. 

The New York and Paterson Bailway is sixteen and a 
half miles in length, and extends along a marshy tract of 
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ground. Its construction is shovm in figs. 6 and 7. The 
foundation of the road consists of a line of pits under each 
rail, eighteen inches square, and three feet in depth. They 
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fu« placed three feet apart from centre to centre, and filled 
with broken stones. On this foundation transverse wooden 
sleepers, ft, measuring eight inches square, and seven feet in 
length, are fairly bedded, on which rest the longitudinal 
sleepers marked c, measuring eight inches by six. To these, 
plate-rails of malleable iron, two and a half inches wide, and 
half an inch thick, weighing about 13 lb. per lineal yard, are 
fixed by iron spikes. 

Figs. 8 and 9 are a cross section and side view of the 
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Saratoga and Schenectady Kailway. The parallel trenches 
marked a, are eighteen inches square, and four feet eight and 
a half inches apart from centre to centre. They extend 
throughout the whole line of the railway, and are firmly 
punned full of broken stones. Longitudinal sleepers of 
wood, marked i, measuring eight by ^y^ inches, are placed 
on these trenches, which support the transverse wooden 
sleepers, marked c, measuring six inches square, and placed 
three feet apart from centre to centre. Longitudinal run- 
ners, marked d^ measuring six inches square, are firmly 
spiked to the transverse sleepers, and the whole is surmounted 
by a plate-rail half an inch thick, and two and a half inches 
wide, weighing about 13 lb. per lineal yard. 
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The Newcastle and Frenchtown Kailway, which is sixteen 
miles in length, and forms part of the route from Philadel- 
phia to Baltimore, is constructed in the same way as that 
between Schenectady and Saratoga, excepting that the plate- 
rail is two and a half inches broad, and five-eighths of an inch 
thick, and weighs nearly 16 lb. per lineal yard. The Balti- 
more and Washington Railway is also constructed in the 
same way as regards the foundation and arrangement of the 
timbers, but edge-rails are employed on that line three and 
a half inches in breadth at the base, and two inches in height. 

Several experiments have been made on the Columbia 
Eailroad, in Pennsylvania, which is eighty-two miles in 
length, and is under the management of the State. Part of 
the road is constructed in accordance with figs. 10 and 11, 

Fig. 10. Fig. 11. 








which are a transverse section and side view of one of the 
tracks. The trenches marked a, measuring two feet six 
inches in breadth, and two feet in depth, are excavated in 
the ground, and filled with broken metal ; in these, the stone- 
blocks, 6, two feet square, and a foot in thickness, are im- 
bedded at distances of three feet apart, to which the chairs 
and rails are spiked in the ordinary manner. The rails on 
each side of the track are connected together by an iron bar, 
marked c in fig. 10. This attachment is rendered absolutely 
necessary on many parts of the Columbia Railroad, by the 
sharpness of the curves, which, at the time when the work 
V^as laid out, were not considered so prejudicial on a railway 
as experience has shown them to be. 

Another plan tried on this line is shown in figs. 12 and 
1 3, which are a transverse section and side view. In this 
arrangement a continuous line of stone curb, one foot square, 
marked a, resting on a stratum of broken stone, is substi- 
tuted for the isolated stone blocks shown in figs. 10 and 
A plate-rail, half an inch thick, and two and a half 
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inches broad, is spiked down to treenails of oak, or locust 
wood, driven into jumper-holes bored in the stone curb. 
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Fig. 15. 





Figs. 14 and 15 represent the constniction of the Boston 
and Providence Eailway, which is forty-one miles in length. 
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Pits, measuring eighteen inches square, and one foot in 
depth, marked a, are excavated under each line of rail, at 
intervals of four feet. They are filled with broken stone, 
and form a foundation for the transverse sleepers, marked 
6, measuring eight inches square, on which the chairs and 
rails are fixed in the usual manner. 

The construction shown in figs. 16 and 17, which are 
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Fig. 17. 
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Fig. 18. 
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a cross section and side view of one of the tracks, is in very 
general use in America. I met with it on tbe Philadelphia 
and Norristown, the New York and Haerlem, and the 
Buffalo and Niagara railroads; and I believe it has been 
introduced on many others. It consists of two lines of longi- 
tadinal wooden runners, marked a, measuring one foot in 

g2 
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breadth, and from three to four inches in thickness, bedded 
on broken stone or gravel. On these runners, transverse 
sleepers, 6, are placed, formed of round timber with the bark 
left on, measuring about six inches in diameter, and squared 
at the ends, to give them a proper rest. Longitudinal sleep- 
ers, c, for supporting the rails, are notched into the trans- 
verse sleepers, as shown in the diagram. Fig. 18 is an en- 
larged view of the plate-rail and longitudinal sleeper used 
for railways of this construction. The rail is made of 
wrought-iron, and varies in weight from 10 to 15 lb. per 
lineal yard. Tt is fixed down to the sleepers at every fifteen 
or eighteen inches, by spikes four or five inches in length, 
the heads of which are countersunk in the rail. 

Figs. 19 and 20 are the rails used on the Camden and 

^i£f29. Fig.20, 





Amboy Kailway, which is sixty-one miles in length. They 
are parallel edge-rails, and are spiked to transverse sleepers 
of wood, and, in some places, to wood treenails driven into 
stone blocks. Their breadth is three and a half inches at the 
base, and two and a half at the top, and their height four 
inches. They are formed in lengths of fifteen feet, and 
secured at the joints by an iron plate on each side, with two 
screw-bolts passing through the plates and rails, as shown in 
the diagram. On the Philadelphia and Reading Railroad, 
rails of the same forn\ have been adopted. 

Figs. 21 and 22 show another construction, which I ob- 
served on several of the railroads. It was proposed with a 
view to counteract the eff'ects of frost. Round piles of tim- 
ber, marked a, about twelve inches in diameter, are driven 
into the ground as far as they will go, at the distance of three 
feet apart from centre to centre. The tops are cross-cut, and 
the rails are spiked to them in the same way as in the 



Camden and Amboy Bailway, which is shown in fige. 19 and 
20. The heads of the piles are furnished with an iron strap, 




o prevent them from splitting ; and the rails are connected 
ogether at every five feet by an iron bar. 
Figs. 23 and 24 are 8, transverse section and side view of 
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the present Btmcture of the Brooklyn and Jamaica Eailroad, 
on which Mr Douglass, the engineer for that work, his made 
several espenments The road represented in the cut, ia 
exceedingly smootli, and la said to resist the effects of frost 
Teiy successfully. It consists of transverse sleepers, measur- 
ing eight by sis inches, marked a, supported on slabs of 
pavement, two feet square, and six inches thick, marked h. 
The wooden runner, marked c, is spiked on the inside of the 
chairs to render them firm. An enlarged view of the rail ia 
shown at fig. 25. 

The railroad hetween Charleston and Augusta, and many 
others in the southern States, where there is a scarcity of 
materials for forming embankments, are carried over low 
lying tracts of marshy ground, elevated on structures of 
wooden truss-worV, such as is shown in figs. 26 and 27. 
The framing in fig. 27 is used in situations where the level 
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of the rails does not require to be raised more than ten or 
twelve feet above the surface of the ground. Piles from ten 

Fig . 27. 





to fifteen inches in diameter, marked a, are driven into the 
ground by a piling engine, and, in places where the soil is 
soft, their extremities are not pointed but are left square, 
which makes them less liable to sink under the pressure of 
the carriages. The struts marked 6 are attached to the tops 
of the piles, and are also fixed to dwarf piles driven into the 
ground. Their eff'ect is to prevent lateral motion. Fig. 26 
is a truss-work which is used for greater elevations, and is 
sometimes carried even to the height of fifteen or twenty 
feet. Piles marked a are driven into the ground, and con- 
nected by the transverse beam c. Above these the super- 
structure formed of the beams (Z is raised, and upon it, the 
rails are placed. It is evident, however, that these struc- 
tures are by no means suitable or safe for bearing the weight 
of locomotive engines or carriages, and, as may naturally be 
expected, very serious accidents have occasionally occurred 
on them. They are besides generally left quite exposed, 
and in some situations, where they are even so much as 
twenty feet high, no provision is made for pedestrians, who, 
if overtaken by the engine, can save themselves only by 
scrambling to the ground. 

These varieties of construction were all in use when I 
visited the United States in 1837, but the American engineers 
had not at that time come to any definite conclusion as to 
which of them constituted the best railway. It seemed to 
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be generally admitted, however, that the wooden structures 
were in most situations more economical than those formed 
of stone, and were also less liable to be affected by the frost. 
Structures of wood also possess a great advantage over those 
of stone, from the much greater ease ^yith. which the rails 
supported by them are kept in repair. Wooden railroads 
are more elastic, and bend under great weights, while the 
rigid and unyielding nature of the railroads laid on stone 
blocks causes the impulses produced by the rapid motion of 
locomotive carriages, or heavily loaded waggons, over the 
surface, to be much more severely felt both by the machinery 
of the engine and by the rails themselves. Experience, both 
in this country and in America, has shown the truth of these 
remarks.* 

The rails used in the United States, when I visited the 
country, were of British manufacture. The Government of 
the United States, in order to encourage railways, removed 
the duty from iron imported for that purpose, and the rails 
which were often taken out as ballast were laid down on the 
quays of New York nearly at the same cost as in any of the 
jwrts of Grreat Britain. Those of the Brooklyn and Jamaica 
road, in lengths of fifteen feet, and weighing 39 lb. per 
lineal yard, were of British manufacture, and cost at New 
York when they were landed, in 183G, L.8 per ton ; the 
cast-iron chairs, also of British manufacture, and weighing 
about 15 lb. each, cost L.9 per ton. There is a great abun- 
dance of iron-ore in America, and some of the veins in the 
Deighbourhood of Pittsburg I found to be pretty extensively 
worked ; but the Americans know that it would be bad 
economy to attempt to manufacture rails, so long as those 
made at Merthyr Tydvil Iron-works, in Wales, could be laid 
down at their seaports at so small a cost. In some of the 
iron-works which I visited, the workmen were rolling plate- 
lails, which was the only kind they ever attempted to make. 
It appears however, from Captain Gralton's report, that 
foreign iron is now taxed to the amount of 30 per cent. 

* Sleepers have in this country been invariably substituted fur stone-blooks, 
dbw the remarks in the text were written. 
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The Railway Companies are obliged to economize iron to 
the utmost ; and the rails used, which are made in America, 
are still as light as possible, the usual weight being from 50 
to 65 lb. ? per lineal yard. 

The stone blocks in use on the railways were made of 
granite, which, as already noticed, is found in several parts 
of the United States. Yellow pine is generally employed 
for the longitudinal sleepers, and cedar, locust, or white-oak, 
for the transverse sleepers on which the rails rest ; cedar, 
however, if it can be obtained, is generally preferred for the 
transverse sleepers, because it is not liable to be split by the 
heat of the sun, and is less affected than perhaps any other 
timber, by dampness and exposure to the atmosphere. The 
cedar sleepers used on the Brooklyn and Jamaica Bailway, 
measuring six inches by five, and seven feet in length, notch- 
ed, and in readiness to receive the rails, cost 28. 3^d. each, 
laid down at Brooklyn. It is a costly timber, and is not very 
plentiful in the United States ; it has also risen greatly in 
value since the introduction of railways, for the construction 
of which it is peculiarly applicable. For all treenails, 
locust-wood is universally employed. 

The American railroads are much more cheaply construct- 
ed than those in this country, which is owing chiefly to 
three causes ; first, they are exempted from the heavy ex- 
penses often incurred in the construction of English railways, 
by the purchase of land and compensation for damages; 
second, the works are not executed in so substantial and 
costly a style; and, tliird, wood, which is the principal 
material used in their construction, is got at a very small 
cost. The first six miles of the Baltimore and Ohio Rail- 
road, which is formed " in an expensive manner, on a very 
difficult route," has cost, on an average, about L.12,000 per 
mile. The railroads in Pennsylvania cost about L.5000 per 
mile; the Albany and Schenectady Railroad upwards /)f 
L.GOOO per mile; the Schenectady and Saratoga Railway 
L.1800 per mile* ; and the Charleston and Augusta Railroad 

*Fnct9 and suggestions reUtiFe to the New York and Albanj Railway. 
New York, 1833. 
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about the same. Mr Moncure Kobinson, in a report relative 
to the Philipsburg and Juniata Railroad, states, that the 
first ten miles of the Danville and Pottsville Railroad, form- 
ed for a double track, but on which a single track only was 
laid, cost on an average L.4400 per mile, and that the 
Honesdale and Carbondale Railroad, 16 J miles in length, 
laid with a single track, and executed for a considerable 
portion of its length on truss-work, is understood, with 
machinery, to have averaged L.3600 per mile. The average 
cost of these railways, constructed in different parts of the 
United States, is L.494:2 per mile* which contrasts strongly 
with the cost of the railways constructed in this country, 
"which perhaps may be taken on an average at L. 35,000 per 
mile. 

The foUowing extract, embodying an estimate from Mr 
Bobinson's Report, will give some idea of the cheapness 
with which many of the American works are constructed : — 

" The following plan," says Mr Robinson, " is proposed for 
the superstructure of the Philipsburg and Juniata Railroad : — 

" Sills of white or post oak, seven feet ten inches long, 
and twelve inches in diameter, flattened to a width of nine 
inches, are to be laid across the road at a distance of five 
feet apart from centre to centre. In notches? formed in 
these sills, rails of white oak or heart pine, five inches wide 
by nine inches in depth, are to be secured, four feet seven 
inches apart, measured within the rails. On the inner 
edges of these rails, plates of rolled iron, two inches wide 
by half an inch thick, resting at their points of junction on 
plates of sheet iron, one-twelfth of an inch thick, and four 
and a half inches long, are to be spiked with five-inch 
wrought iron spikes. The inner edges of the wooden rails 
to be trimmed slightly bevelling, but flush at the point of 
contact with the iron rail, and to be adzed down outside 
the iron to pass off rain-water. 

• The average cost of the Railways throughout the whole of United Stated 
at tilt end of 1851, was stated to be about £7000 per mile. — Report to the 
IttHk nf the Committee of Privy Council for Trade on the Roilwaye of the 
IMM SUKUii, b> Captain Douglas GaltoD, R.E. 
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" Such a superstructure as that above described would 
be entirely adequate to the use of locomotive engines of 
from fifteen to twenty horses power, constructed without 
surplus weight, or similar to those now in use on the little 
Schuylkill Eailroad in this state (Pennsylvania), or the 
Petersburg Railroad in Virginia; and it will be observed 
that only the sills, which constitute but a very slight item 
in its cost, are much exposed to the action of those causes 
which induce decay in timber. It is particularly recom- 
mended for the Philipsburg and Juniata Eailroad, by the 
great abundance of good materials along the line of the 
improvement, for its construction, and the consequent 
economy with which it may be made. 

" The following may be deemed an average estimate of 
the cost of a mile of superstructure as above described. : — 

1056 trenches, 8 feet long, 12 inches wide, and 14 inches deep, filled 

with broken stone, at 25 cents each, .... 264 

Same number of sills, hewn, notched, and imbedded, at 50 cents 

each, ........ 528 

10, 912 lineal feet of rails (allowing 33^ per cent, for waste), at 4 

cents per lineal foot, delivered, ..... 436*48 

2112 keys, at 2^ cents each, ...... 52*80 

10,560 lineal feet of plate rails, 2 inches by ^ inch, weight 3^ fi>. 
per foot, 15iV5 tons, delivered at 50 dollars (L.IO) pep 
ton, ......... 7S5r50 

1509 lb. of 5-inch spikes, at 9 cents per pound, . . , 135*81 

Sheet iron under ends of rails, ..... 30*21 

Placing and dressing wood, and spiking down iron rails, . . 280 

Filling between sills with stone, or horse-path, . . . 180 



2692-80 



2692 dollars, or about L.540.'* 



On some of the American Railways, where the line is 
short or the traflic small, horse power is employed, but loco- 
motive engines for transporting goods and passengers are in 
much more general use. In New York, Brooklyn, Phila- 
delphia, Baltimore, and other places which have lines of 
railway leading from them, the de])6t or station for the loco- 
motive engines is generally placed at the outskirts, but the 
rails are continued through tlie streets to the heart of the 
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torwn, and the carriages are dragged over this part of the 
line by horses, to avoid the inconvenience and danger attend- 
ing the passage of locomotive engines through crowded 
thoroughfares. I travelled by horse power on the Mohawk 
and Hudson Railway, from Schenectady to Albany, a dis- 
tance of sixteen miles, and the journey was performed in 
aixty-five minutes, being* at the astonishing rate of fifteen 
noles an hour. The car by which I was conveyed carried 
twelve passengers, and was drawn by two horses, which ran 
aiages of five miles. The fencing, even of the locomotive 
lines, is often very defective, and a large bell on the engine, 
which is rung at the numerous level crossings, is the chief 
warning which road passengers receive of the approach of 
trains. Captain Galton says that level crossings are scarcely 
ever provided with gates or gate-keepers, except in special 
4^Mes, near towns, but a large board is placed over the cross- 
ing with the words printed — Railroad Crossing^ look out for 
At Cars when the Engine Bell rings. Trenches 4 feet deep 
lUDid 4 feet 6 inches wide, called cattle guards, are cut 
across the railway on either side of the level crossings to 
poreyent cattle from straying on the line, and the rails are 
4ianied past these trenches on narrow beams stretching 
across the excavated space. 

The first locomotive engines used in America were of 
;Briti8h manufacture, but several very large workshops have 
ll^ly been established in the country for the construction 
of these machines, which are now manufactured in great 
numbers. The largest locomotive engine-works are those 
<lf Mr Baldwin, Mr Norris. Mr Long, and Messrs Grant 
■and Eastrick, all in Philadelphia, and the Lowell Engine- 

.^jpodc at Lowell. When I visited the work of Mr Baldwin, 
ia whom I am indebted for much attention and informa- 
Hsm^ I found no less than twelve locomotive carriages in 
4ifl(<9^i^t stages of progress, and all of substantial and good 

■ .fjqjjcmanship. Those parts of the engine, such as the 
>r, piston, valves, journals, and slides, in which good 
and fine workmanship are indispensable to the 
it action of the machine, were very highly finished, 
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but the external parts, such as the connecting rods, cranks, 
framing, and wheels, were left in a much coarser state than 
in engines of British manufacture. The American engines, 
with their boilers filled, weigh from twelve to fifteen tons, 
and cost about L.14:00 or L.1500, including the tender. 
This is not much more than the cost of an engine of the 
same weight in this country. They have six wheels. These 
are arranged in the following manner, so as to allow the 
engine to travel on rails having a great curvature ; the 
driving wheels, which are five feet in diameter, are placed 
in the posterior part of the engine close to the fire-box, and 
the fore part of the engine rests on a truck running on four 
wheels of about two feet six inches in diameter : a series of 
friction -rollers, arranged in a circular form, is placed on the 
top of the truck, and in the centre stands a vertical pivot, 
which works in a socket in the framing of the engine. The 
whole weight of the cylinders and the fore part of the boiler 
rests on the friction-rollers, and the truck turning on the 
pivot as a centre, has freedom to describe a small arc of a 
circle ; so that when the engine is not running upon a per- 
fectly straight road, its wheels adapt themselves to the cur- 
vature of the rails, while the relative positions which the 
body of the engine, the connecting rods, and other parts of 
the machinery bear to each other, remain unaltered,* The 
object of this arrangement will be apparent when it is stated 
that some of the curves on the American Eailways have so 
small a radius as 350 feet. 

From the unprotected state of most of the railways, which 
are seldom effectually fenced, cattle often stray upon the line, 

*I believe an attempt was made to apply Avery's Rotatory Engine to 
propel a locomotive carriage, on one of the American railways, but I could 
not obtain satisfactory information either as to the particulars of the experi* 
ment, or the part of the country in which it was made. Avery *s engines, 
are, I believe, a good deal used in the northern parts of the United States, 
for driving small mills. They are generally of from 6 to 12 horses power. 
In New York I saw three of them at work, one in the Astor Hotel, which 
was employed to pump water, grind coffee, &c., one in a saw-mill in Attor- 
ney Street, and the third working a printing press; these were the only 
engines constructed on the rotatory principle, which I saw in actual u»e in 
the country. 
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tad ate run down by the engioes, which are in eome cases 
thrown off the rails hy the concussion, producing very serious 
eoOEequences. To obviate this, and veuder railway Iravel- 
liitg more safe, au apparatus called a " guard" is employed ; 
fhoee I saw consisted of. a strong framework of wood, fixed 
to the fore-axle of the locomotive carriage, and supported on 
two amall wheels, about two feet in diameter, which run on 
tbe rails about three feet in advance of the engine. The 
nter extremity of the framewoik is shod with iron slightly 
bent op, and comes to within an inch of the tup of the rails. 
The apper part of the surface of the guard is covered with 
wood, and the lower part with an iroii grating. The appa- 
ntns affords a complete protection to the wheels of the en- 
ginfl. I experienced the good effects of it upon one occasion 
on the Camden and Amboy Bailway. The train in which 
{ travelled, while moving with considerable rapidity, came 
1b oontact with a large waggon loaded with firewood, which 
.WM literally shivered to atoms by the concussion. The 
ftagments of the broken waggon, and the wood with which 
it was loaded, were distributed on eaoh side of the rail- 
W»y, hut the guard prevented any part of them from fall- 
i^ before the engine -wheels, and thus obviated what might 
Vk ti»t case have proved a very serious accident. The guards 
jBiMr in use are of the form shown in the cut, whicli is taken 
fiOm the drawing given hy Captain Galton in his Beport. 




<>- The fnel used on most of the railways is wood, but the 

Tomited out' by the chimney when it is not covered 

A cap or grating, are a source of constant annoyance to 

igers, and occasionally set fire to the wooden 
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bridges on the line, and the houses in the neighbourhood. 
Anthracite and bituminous coal, as formerly noticed in the 
chapter on fuel and materials, are now coming to be more 
generally used. 

In situations where the summit level of a railway cannot 
be attained by an ascent sufficiently gentle for the employ- 
ment of locomotive engines, or where the formation of such 
inclinations, though perfectly practicable, would be attended 
with an unreasonably large outlay, transit is generally effec- 
ted by means of inclined planes, worked by stationary 
engines. This system has been introduced on the Portage 
Railway, over the Alleghany Mountains, on a more exten- 
sive scale than in any other part of the world. The 
Portage, or Alleghany Railway, forms one of the links of 
the great Pennsylvania Canal and railroad communication 
from Philadelphia to Pittsburg, — a work of so difficult and 
vast a nature, and so peculiar, both as regards its situation 
and details, that it cannot fail to be interesting to every 
engineer, and I shall, therefore, state at some length the 
facts which I have been able to collect regarding it.* 

This communication consists of four great divisions, the 
Columbia Railroad, the Eastern Division of the Pennsylvania 
Canal, the Portage or Alleghany Railroad, and the "Western 
Division of the Pennsylvania Canal. These works form a 
continuous line of communication from Philadelphia on the 
Schuylkill to Pittsburg on the Ohio, a distance of no less 
than 395 miles. 

Commencing at Philadelphia, the first Division of this 
stupendous work is the Philadelphia and Columbia Railroad, 
which was opened in the year 1834. It is eighty-two miles 
in length, and was executed at a cost of about L. 066,025, 
being at the rate of L.8122 per mile. There are several 
viaducts of considerable extent on this railway, and two in- 

* I understand that a tunnel has now been made to avoid the steep in- 
clines on this line, but its original construction is a lasting monument to 
Amerieau enterprize, and a proof of what may be overcome by boldness of 
design and per^severance, and the details of its construction must ever be 
worthy of a place in the records of Engineering, so that I offer no apology 
fur repeating the sketch of the work as originally ezeoated. 
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ned planes worked by stationary engines. One of these 
sliDed planes is at the Philadelphia end of the line. It 
es at the rate of one in 14*6 for 2714 feet, overcoming an 
nration of 185 feet. The other plane, which is at Colum- 
1^ rises at the rate of one in 21*2 for a distance of 1914 feet, 
d overcomes an elevation of 90 feet. A very largo sum is 
Biured in upholding the inclined planes, and surveys have 
iely been made with a view to avoid them. The cost of 
lintaining the stationary power, and superintendance of 
6 Philadelphia incline, is said to be about L.8000 per 
nxun, and that of the Columbia incline about L.3498 per 
num. Locomotive engines are used between the tops of 
9 inclined planes. The steepest gradient on that part of 
d line is at the rate of one in 117; but the curves are 
merous, and many of them very sharp, the minimum 
line being so small as 350 feet. This line of railway was 
treyed, and laid out before the application of locomotive 
wer to railway conveyance had attained its present ad- 
Dced state, — at a period when sharp curves and steep gradi- 
tfl were not considered so detrimental to the success of 
Iways as experience has since shown tliem to be. 
The passenger carriages on the Columbia Railroad, and, 
leed, on all the American lines, are extremely large and 
mmodious. They are seated for sixty passengers, and are 
ide BO high in the roof, that the tallest person may stand 
ri|B^t in them without inconvenience. There is a passage 
fcweenthe seats, extending from end to end, with a door at 
Qi extremities ; and the coupling of the carriages is so ar- 
iged, that the passengers may walk from end to end of a 
lole train without obstruction. In winter tliey are heated 
otoves. The body of each of these carriages measures 
»m fifty to sixty feet in length, and is supported on two 
MT-wheeled trucks, furnished with friction-rollers, and 
yring on a vertical pivot, in the manner formerly alluded 
in describing the construction of the locomotive engines. 
Mf flooring of the carriages is laid on longitudinal beams 
wood, strengthened either with suspension rods of iron be- 
if, or with cross framing above in the sides of the carriage. 
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At the termination of the railway at Columbia, is the com<« 
mencement of the Eastern Division of the PennsylTania 
Canal, which extends to HoUidaysburg, a town situate at the 
foot of the Alleghany Mountains. This canal is rather more 
than 172 miles in length, and was executed at an expense of 
L.918,829, being at the rate of L.5342 per mile. There are 
33 aqueducts, and 111 locks on the line, and the whole height 
of lockage is 585*8 feet. A considerable part of this canal 
is slackwater navigation, formed by damming the streams of 
the Juniata and Susquehanna. The canal crosses the Sus- 
quehanna at its junction with the Juniata, at which point it 
attains a considerable breadth. A dam has been erected in 
the Susquehanna at this place, and the boats are dragged 
across the river by horses, which walk on a tow path attach- 
ed to the outside of a wooden bridge, at a level of about 
thirty feet above the surface of the water. I regret that X 
passed through this part of the canal after sunset, and had 
only a very superficial view of the works at this place, which, 
are of an extensive and curious nature. 

HoUidaysburg is the western termination of the Eastern 
Division of the Pennsylvania Canal. The town stands at 
the base of the Alleghany Mountains, which extend in a 
south-westerly direction, from New Brunswick, to the State 
of Alabama, a distance of upwards of 1100 miles, presenting 
a formidable barrier to communication between the eastern 
and western parts of the United States. The breadth of the 
Alleghany range varies from a hundred to a hundred and 
fifty miles, but the peaks of the mountains do not attain a 
greater height than 4000 feet above the level of the sea. 
They rise with a gentle slope, and are thickly wooded to 
their summits. " The Alleghany Mountains present what 
must be considered their scarp or steepest side to the east, 
where granite, gneiss, and other primitive rocks are seen. 
Upon these repose first, a thin formation of transition rocks 
dipping to the westward, and next a series of secondary rocks, 
including a very extensive coal formation."* The National 

* £noyolop»dia BritaDDioa, article America. 
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Boad, which has already been noticed, was the first line of 
ecnnmunication formed by the Americans over this range ; 
ftnd in the year 1831, an Act was passed for connectiog the 
Eastern and Western Divisions of the Pennsylvania Canal 
by means of a railroad. This important and arduous work, 
which cost about L.526,871, was commenced within the 
i«me year in which the Act for its construction was granted, 
and the first train passed over it on the 26th day of Novem- 
lier 1833, but it was not till the year 1835, that both the 
tracks were completed, and the railway came into full opera- 
tion. 

The railway crosses the mountains by a pass called "Blair's 
Gl^," where it attains its summit level, which is elevated 
2326 feet above the level of the Atlantic Ocean. Mr 
Bobinson surveyed a line of railway from Philipsburg to the 
Biver Juniata, which is intended to cross the Alleghany 
Hountains by the pass called " Emigh's Gap." The summit 
kirel of this line is stated, in a report by the directors, to be 
892 feet lower than that of the Portage Kailway. 

The preliminary operation of clearing a track for the pas- 
Ittge of the railway from a hundred to a hundred and fifty 
ftet in breadth, through the thick pine forests with which 
ttee mountains are clad, was one in which no small difiicul- 
liflB were encountered. This operation, which is called 
4pmbhing, is little known in the practice of engineering in 
j9u8 country, and is estimated by the American engineers, 
■ la their various railway and canal reports, at from L.40 to 
'. L«8Q per mile, according to the size and quantity of the timber 
J. Id be removed ; an estimate which, from the appearance of 
5^. Jkmerican forests, I should think must, in many instances, be 
Much too low. The timber removed from the line of the Alleg- 
kftny Bail way was chiefly spruce and hemlock pine, of very 
Ittcge growth. I passed over the Alleghany Mountains on the 
'llth of May, at which time the trees were thickly covered 
%ith foliage, and formed a wall on each side of the railway, 
lAioh completely intercepted the view of the surrounding 
i.:)ifigiaklsrj during the greater part of the journey. An exten- 
■f -^jhf Tiew was occasionally obtained from the tops of the 
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inclined planes, when nothing hut a dense hlack forest waa 
visible, stretching in all directions as far as the eye could 
reach. 

The line is laid with a double track, or four single lines of 
rails, and is twenty-five feet in breadth. For a considerable 
distance the railway is formed by side-cutting along steep 
sloping ground, composed of clay-slate, bituminous coal and 
clay, part of the breadth of the road being obtained by cutting 
into the hill, and part by raising embankments protected by 
retaining walls of masonry. The railway is consequently 
liable to be deluged, or even entirely swept away, by moun- 
tain torrents, and the thorough drainage of its surface has 
been attended with great expense and difficulty. The re- 
taining walls by which the embankments are supported, are 
in some places not less than a hundred feet in height ; they 
are built of dry-stone masonry, and have a batter of about 
one-half to one, or six inches horizontal to twelve inches 
perpendicular. There are no parapet or fence walls on the 
railway, and on many parts of the line, especially at the tops 
of several of the inclined planes, the trains pass within three 
feet of precipitous rocky faces, several hundred feet high, 
from which the large trees growing in the ravines below, 
almost resemble brushwood. One hundred and fifty- three 
drains and culverts, and four viaducts, have been built on 
the railway. One of the viaducts crosses the Kiver Cone- 
maugh at an elevation of seventy feet above the surface of 
the water. There is also a tunnel on the line 900 feet in 
length, twenty feet in breadth, and nineteen feet in height. 
Tlie inclined planes are, however, the most remarkable 
works which occur on this line. The railway extends from 
Hollidaysburg on the eastern base, to Johnstown on the 
western base of the Alleghany Mountains, a distance of 
thirty-six miles ; and the total rise and fall on the whole 
longth af the line is 2571-19 feet. Of this height, 2007*02 
foct are overcome by means of ten inclined planes, and 564*17 
feet by the slight inclinations given to the parts of the rail- 
way which extend between these pianos. The distance from 
Hollidaysburg to the summit-level is about ten miles, and 
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the height is 1398'31 feet. The distance from Johnstown 
to the same point is about twenty-six miles, and the height 
1172*88 feet. The height of the summit-level of the rail- 
way above the mean level of the Atlantic is 2326 feet. 

The following are the lengths, gradients, and elevations 
overcome by the several inclined planes, five of which are 
Jplaced on each side of the summit-level : — 



Ka of Plane. 


Length In Feet 


Gradient 


Height overcome. 


Plane No. 1. 


1607-74 


One in 10-71 


150 feet. 


2. 


1760 43 




. 1329 


132-40 ... 


3. 


1480-26 




. 11-34 


13060 ... 


4. 


219594 




. 11-68 


187-86 ... 


6. 


2628-60 




. 1303 


20164 ... 


6. 


2713-85 




. 1018 


26660 ... 


7. 


266501 




. 10-19 


260-50 ... 


8. 


3116 92 




. 10-13 


307-60 ... 


9. 


2720 80 




. 14-36 


189-50 ... 


... 10. 


2295-61 




. 12-71 


180-52 ... 



The following table shows the length of each section of 
the railway between the inclined planes, and the elevation 
oirercome on it : — 





Lenffth 

in 
miles. 


Gradient. 


Height 
overcome. 


Fnmi Johnstown to foot of plane No. 1 


413 


1 in 214 92 


101-46 


— head of plane Na 1 to foot of plane Na 2, 


13 06 


~ 363-73 


189-68 


— do. No. 2 to do. No. 3, 


1-43 


— 477-87 


16-80 


— do. Na 3 to do. No. 4, 


1-90 


— 633-61 


18-80 


— do. Na 4 to da Na 5, 


2-56 


— 623-90 


25-80 


— do. Na 5 to head of plane No. 6, 


1-62 


— 449-24 


19-04 


— Ibot of plane No. 6 to do. No. 7, 


015 


level 


• •• 


— da Na 7 to da Na 8, 


0-61 


— 696-44 


6-40 


— da Na 8 to da Na 9, 


118 


— 619-20 


12-00 


— da Na 9 to do. No. 10, 


170 


— 303-44 


29 68 


— da Na 10 to Hollidaysburg, . . 


3-72 


— 133 88 

1 


146 71 



The maxjhinery by which the inclined planes are worked, 
CKHunstB of an endless rope passing round horizontal grooved 
irlifiels placed at the head and foot of the planes, which are 
jhxididied with a powerful break for retarding the descent 
the trains. The ropes were originally made 7J inches 
eirapinference, but they have lately (1837) been increased 
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to 8 inches, to prevent a tendency which they formerly had 
to slip in the grooved wheels, occasioned hy their circumfer- 
ence heing too small for the size of the groove or hollow in 
the wheel. Two stationary engines of twenty-five horse 
power each are placed at the head of the inclined planes, 
one of which is in constant use in giving motion to the 
horizontal wheels round which the rope moves while the 
trains are passing the inclined planes. Two engines have 
heen placed at each station, that the traffic of the railway may 
not be stopped should any accident occur to the meichinery of 
the one which is in operation ; and they are used alternately 
for a week at a time. Water for supplying the boilers has 
been conveyed to many of the stations at a great expense. 

The planes are laid with a double track of rails, and an 
ascending and a descending train are always attached to 
the rope at the same time. Many experiments have been 
made to procure an efficient safety-car to prevent the trains 
from running to the foot of the inclined plane, in the event 
of the fixtures by which they are attached to the endless 
rope giving way. Several of these safety-cars are in use, 
and are found to be a great security. The trains are attached 
to the endless rope simply by two ropes of smaller size made 
fast to the couplings of the first and last waggons of the 
train, and to the endless rope by a hitch or knot, formed so 
as to prevent it from slipping. 

Locomotive engines are used on the parts of the road be- 
tween the inclined planes. 

The following extract, from the Report of the Pennsylvania 
Canal Commissioners for 1836, affords the best proof of the 
traffic which the road is capable of carrying on : — 

" The Portage Railway, however complicated in its opera- 
tions, and limited in capacity by inclined planes, as canals 
are by locks, is nevertheless adequate to the transaction of a 
vast amount of business. Occupying, as it does, a nearly 
central position on the main line between Columbia and Pitts- 
burg, the capacity of the planes ought to be equal to that of 
the canal locks on those Divisions. Many suppose the 
planes fall very far short of that limit, and that their full 
capacity is nearly reached. 
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" It 18, however, due to our commercial interest and tlie 
public at large, to state that the maximum of that Umit is 
▼er; far from heiag attained. The length of the longest 
plane is about 3000 feet ; the time occupied in moving up 
or down it is five minutes ; the time occupied in attaching ia 
two and a-half minutes, making seven and a-half minutes, 
or eight drafts per hour of three loaded cars, carrying three 
toUH each, making twenty<four cars, or seventy-two tons per 
hour. 

" It will he observed by the Eeport of the Superintendent, 
that the number of cars weighed at HoUiJaysburg, and trans- 
ported from east to west, from April 1st to October 31st, is 
14,300, making a transit of a number not exceeding a hun- 
dred per day ; but, instead of this number, when the trade 
demands it, twenty-four cars can he passed up, and the same 
Bumber down, the longest plane in each hour, making two 
hundred and eighty-eight cars in the day of twelve hours, 
or five hundred and seventy-six in one direction in twenty- 
ftnu hours ; this can be accomplished by using the road day 
and night, by means of a double set of hands. This is the 
trae limit of the capacity of the road." 

From the same report it appears, that from the 1st of 
April to the Slst of October, the time during which the 
railway was open in the year 1836, 19,171 passengers were 
conveyed along the line ; and the following is a statement 
in pounds weight of the merchandise weighed at the weigh- 
•cales at HoUidaysburg during the same period, amounting 
to 37,081 tons, conveyed in 14,300 waggons. 



Month! 


Mcrchandiu. 


,™. 


C.4 


L„..„ 


Curs. 


April, 

J™; 


7,192,310 
13.262,218 
6,14e,4lfi 
i.72*B30 
fl,124,370 
7,132,345 
6,899,050 


1,863.170 
l,Efil,495 
3,389,160 
1,84.V60 
2.076.820 
2,06.1.645 
1 838,710 


673.060 
2,336,390 
2,384.735 
1.0ia,070 
2,094,300 
3,fi4S,fi60 
2,899,730 


315,435 
SoS.940 
367,046 

63,310 
347,950 

86,620 
260.140 


1.3S3 
3.B08 
1.347 

U35 
2,183 
2,324 
15S0 


fil,«l,.'J3S 


14,829,760 


15,051,945 


1,^9,440 


14,300 
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The travelling on this railway is very slow. The train by 
which I was conveyed left Hollidaysburg at nine in the 
morning, reached the summit at twelve, and arrived at 
Johnstown at five in the evening, seven hours having been 
occupied in travelling thirty-six miles, being only at the rate 
of about five miles an hour. Much time is lost in ascending 
and descending the inclined planes, and an hour is generally 
spent for dinner at an inn on the summit, which is the only 
house unconnected with the works which is met with on the 
whole journey. 

The fourth division of this grand work is the Western 
Division of the Pennsylvania Canal, which extends from the 
termination of the Portage Kail way at Johnstown to Pitts- 
burg. It has 64 locks, 16 aqueducts, 64 culverts, 152 bridges, 
and a tunnel upwards of 1000 feet in length. This canal 
traverses the valleys of the Conemaugh, Kiskiminetas, and 
Alleghany Eivers, measures 105 miles in length, and cost 
L.560,000, being at the rate of L.5333 per mile. 

The whole distance of the Pennsylvania canal and railroad 
communication, extending from Philadelphia to Pittsburg, 
is 395 miles. I travelled this distance in ninety-one hours, 
exclusively of the time lost in stopping at Columbia, Harris- 
burg, and other places of interest on the route. The average 
rate of travelling was therefore 4.34 miles per hour. One 
hundred and eighteen miles of this extraordinary journey 
were performed on railroads, and the remaining 277 miles 
on canals. The charge made for each passenger conveyed 
the whole distance was L.3, being at the rate of nearly 2d. 
per mile. 

Since these remarks were written the American railways 
have, as already noticed, been greatly extended ; and I gladly 
avail myself of the valuable Eeport of Captain Gal ton, made 
to the Board of Trade in 1857, from which the following ex- 
tracts as to the routes of the great prairie and other lines are 
taken ; which, together with the observations I have laid 
before the reader, will, it is believed, afford a pretty eiccurate 
idea of the American railway system at the present date : — 

" The railways of the United States/' says Captain Galton, 
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" appear to have been designed principally with the view of 
connecting the sea coast with the fertile lands in the west ; 
but the range of the Alleghany Mountains rising in the 
north near Lake Ontario, and running nearly parallel to the 
coast, intersects every line of travel between the important 
commercial sea-board cities and the western districts. 

" The direct eastern and western traffic which traverses 
this range passes over four principal railway routes, viz. : — 

" Isty The New York Central Kailway, which is a link in 
the communication from Boston to the West ; this is con- 
nected with New York by the Hudson Kiver Kailroad, and is 
connected with western lines at Niagara and Buffalo. This 
line passes up the valley of the Mohawk, and has favourable 
gradients along its whole length. 

" 2d, The New York and Erie Kailway, which, crossing 
the Alleghany Mountains near the head waters of the Sus- 
quehanna and Delaware, forms a connection with western 
lines at Niagara and along the south shore of Lake Erie. 

" Sd, The Pennsylvania Central Eailway, which runs 
from Philadelphia to Pittsburg, and there forms a connection 
with the railways crossing the centre of Ohio. 

" 4ih, The Baltimore and Ohio Kailway, from Baltimore 
to Wheeling, and thence to Columbus and Cincinnati. 

" It is not probable that, for the present, any other line 
will be carried across the Alleghany Mountains, at least to the 
north of Baltimore. Hence the development of the Western 
States ; and the projected railroads to the Pacific will add to 
the important traffic which these several roads already possess. 

*' To the south, roads are projected to run from Virginia, 
from Charleston, and from Savannah to the Mississippi. 

" In addition to these eastern and western routes of the 
United States must be mentioned the communication by 
water along the lakes, a communication which is continued 
by the Erie Canal to New York, and by the St Lawrence 
through Canada to the Atlantic ; and the line of Canadian 
railways, which, since the opening of the Grand Trunk Kail- 
way, has assumed considerable importance. This line com- 
jnenoes with the Great Western of Canada at Detroit, and, 
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passing through Toronto, is continued by the Grand Trunk 
Railway, which, when the Victoria Bridge shall haye been 
completed, will afford an uninterrupted line of railway com- 
munication through Montreal to Quebec, and to Portland in 
the State of Maine. But it cannot be considered that this 
line of communication is completed, or that a proper outlet 
has been afforded to the trade of the British North American 
possessions, until the line of railway through Canada shall 
have been continued on to Halifax. 

" The great question, however, of railway extension from 
east to west, which now occupies the attention of the Ame- 
rican public, is the construction of a railway to connect the 
Eastern States with the Pacific Ocean. Five routes have 
been proposed, but the most practicable are limited to the 
three following lines, viz. : — 

Istj From St Paul's to Vancouver, near the parallel 
of 48^ 

2df From Council Bluffs to Benicia, which is near to 
San Francisco, via the south-west pass, near the 
parallel of 42°. 

3c?, From Fulton to San Pedro, near the parallel of 32°. 
The following comparison of the routes is obtained from the 
Secretary of State's report to Congress on the subject, viz. : — 



2d, 
3c/, 


Length. 


Height of Summit- 
Level or Passes 


Estimated 
Cost. 


Proportion of Arable 

Land throngh 

which they psMb 


Miles. 
1864 
2032 
1618 


Feet. 
6044 
8733 
6717 


£25.000,000 
23,000,000 
17,000,000 


30 per ceDt. 
36 „ 
45 „ 



" The question of a means of communication across this 
continent is one which Great Britain should not leave to be 
solved by the United States alone." 

" The principal north and south route, not including the 
railways along the eastern coast, is the Illinois Central 
Kailway. This railway runs from Cairo at the confluence of 
the Mississippi and Ohio livers to Chicago and Dubuque ; 
and from its termini lines are projected to run north wardb to 
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Superior City, and southwards to Mobile, on the Gulf of 
Mexico. 

" Chicago is the chief focus of railway communication in 
the west, and may be called the offspring of the railway 
Bjstem. 

" It is situated in one of the most fertile regions of the 
world, at the southern extremity of Lake Michigan, on a 
perfectly flat plain, at the edge of the prairies. At no great 
distance from it are rich mines of lead, iron, copper, and coal. 
It possesses communication by water with the Atlantic by 
means of the lakes, the St Lawrence, and the Erie Canal, 
and with the Gulf of Mexico by the Bridgeport Canal, and 
the Mississippi. It forms the mart for the interchange of 
the produce of the prairies with the lumber and other articles 
which require to be imported; and hence it is to the railways 
by which that produce is developed, that its great progress 
has been due.* In 1832 the site of the present town was 
occupied by a small fort and a few log cabins. The first 
railway was completed in 1850, and the following figures 
will give some idea of the rapid increase of Chicago since 
that period. 

" * The progress of Chicago i.^ due to the cultivation of the rich prairie 
land by which it is surrounded ; but it has been much favoured by the reci- 
proeity treaty between the United States and Canada. At the present time 
the land of the prairies is only cultivated at intervals along the lines of rail- 
vajr, but the area of the State of Illinois is 55,000 square miles, and it is 
■tated upon good authority that 80 per cent, of the whole area — equal to 
44^000 square miles, or 28,260,000 acres— consists of first-class arable land, 
▼eiy similar to what is already in cultivation. It is stated that an average 
crwp of wheat in Illinois is from 25 to 30 bushels per acre, and that fre- 
^iMDUy it reaches 40 bushels per acre. If one-fourth of the above-mentioned 
area were devoted to the culture of wheat, and if the annual average produce 
per acre be taken at 25 bushels, the yield would amount to nearly 180,000,000 
of bnahels annually. As the prairies arc bare of timber, no clearing is neces- 
laiy, and the land need only be ploughed and sown to obtain a crop. The 
abeenee of timber, however, gives rise to an enormous demand for lumber, as 
Clie hovues are almost invariably at first built of wood. The President of one 
of ihe principal railways told me that it is curious to observe how, in the 
Pnt year or two after a railway is opened, the necessaries of life alone are 
triBBpcirted along it, but how, as time progresses, luxuries, such as New York 
and harness, handsome furniture, &c., are sent for by the seitlern. 
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"In 1849 the population was 23,047; in 1855 it was 
83,509. In 1851 the number of miles of railway centering 
in Chicago were 40, and the annual receipts from traffic 
about L.8000 ; in 1855 the miles of railway centering in 
Chicago amounted to 2933, and the receipts from traffic to 
L. 2, 659, 640. In 1849 the amount of lumber received at 
Chicago amounted to 73,259,553 feet ; in 1855 to 326,553,467 
feet. Twenty years ago Chicago and the surrounding dis- 
trict imported grain for food ; in 1853 the amount of grain 
exported was 6,500,000 bushels, and in 1855 the export of 
grain amounted to 16,633,813 bushels, — the total amount 
received into the city in 1855 being 20,487,953 bushels. 
The value of beef packed in Chicago in 1851 was about 
L.130,000 ; in 1855 about L.230,000. The value of real 
estate in Chicago, which is stated to have been L.360,000 in 
1840, and L.1,600,000 in 1850, was estimated at L.8,200,000 
at the end of 1855." 

" Kailways in the United States appear to have been con- 
structed under four different arrangements: — 

Istj By the State. 

2d, By a company to whose share capital, or mortgage 
debt, the State has contributed, retaining an inte- 
rest in the line and some jwwer of interference. 

Sdj By a company to whom lands have been granted, 
but which otherwise has not been interfered with. 

4th, By a company unassisted, and therefore not inter- 
fered with. 

" Ist, The railways made by the State do not appear to have 
been successful. State railways have consequently not 
proved remunerative, and they have generally been trans- 
ferred to private companies." 

" 2(Z, The States and municipal corporations have in 
several instances given assistance to railway companies. In 
most cases the State or the corporation of the town has 
reserved to itself the right of appointing directors in propor- 
tion to the amount contributed; but as these directors are 

nerally elected by universal suffrage for short periods, 
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they often desire to regulate the management of the rail- 
way more with reference to local political objects, than to its 
interests as a commercial speculation. 

" This arrangement is therefore false in principle, and com- 
bines two conflicting elements. If the railway is a com- 
mercial speculation, the management should be left to the 
company; if, on the contrary, it is to be worked with a 
political object, the commercial element should be left out 
of view, and the line be wholly managed by the State." 

" 3d, The mode by which the State induces a company 
to construct a railway by grants of land, is one which 
deserves attention, as being especially applicable in many of 
our colonial possessions. 

" This system is resorted to in the Western States with a 
remarkable degree of success. In these states the fertility 
of the soil cannot be made available without means of com- 
munication, and any amount of land is well applied which 
will induce a company to construct a railway. In all new 
territories the land is surveyed in lots, each containing a 
square mile. The railway company to whom land is granted 
is allowed to take, in addition to the actual land required for 
the line, a specified quantity in alternate lots on each side 
within a certain distance from the line. In case any of 
those lots which would naturally fall to the company, should 
have been previously bought by individuals, the railway 
company selects other lots. 

" This system gives security to capitalists for their invest- 
ment. It makes it the interest and the business of the 
company to publish the merits of the district, and by ofl'er- 
ing facilities to the travelling public, to induce the settle- 
ment of the country; hence the value of the alternate lots 
of land which are retained by the State is increased. 

"The State, in granting the land, generally reserves a 
per-centage on the gross receipts of the company. On the 
Illinois Central Kailway this amount is 7 per cent. 

" As the progress of this railway afibrds a striking illus- 
tration of the advantages of this method, it appears desirable 

to give a brief account of it. 

h2 
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" The company was formed for the purpose of making a 
railway through Illinois from Cairo, at the confluence of the 
Ohio and Mississippi, to Dubuque on the Mississippi, with a 
branch line to Chicago. Its course lay chiefly through 
prairie land, only inhabited at a few points. On the 20th 
September 1850, Congress granted to the State of Illinois 
2,595,000 acres of land to aid in the construction of the 
Illinois Central Railroad. The vacant lands, in alternate 
sections within 6 miles of the r5ad, were conveyed by direct 
terms in the grant, and, in lieu of such portions as had been 
previously sold, selections were aitthorized to be made be- 
tween 6 and 15 miles on each side of the road. The com- 
pany was incorporated by the Legislature of the State of 
Illinois in 1851, and the grant conferred upon it. The 
company created a capital stock of 17,000,000 dollars, on 
which 25 per cent, has been paid; and for the additional 
money required for the construction of the railway, they 
have raised 20,000,000 dollars by mortgage on the security 
of 2,345,000 acres of the land granted to them, and they 
have reserved 250,000 acres, the proceeds from which are to 
assist in paying the interest on this mortgage. 

" The ordinary price of new land in the States is one dollar 
per acre ; the company are selling the land at prices varying 
from 5 to 25 dollars per acre, which is paid for in five 
annual instalments, with 3 per cent, interest. When the 
last instalment has been paid, commissioners appointed by 
tlie State grant a title to the purchasers of the land upon 
the railway company producing to them such a number of 
mortgage bonds cancelled as amount to the price they have 
received for the land. 

" This line runs for the greater part of its course through 
prairie land without trees — land which, with a small expen- 
diture of labour, produces most luxuriant crops. 

" When the line was first opened the country was nearly 
uninhabited ; stations were placed at every 8 or 10 miles, 
round which villages, and in some cases towns, have sprung 
up, and fields of corn and herds of cattle are now to be seen 
on every side. If well managed, this railway should prove 
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most lucrative to the Bhareholders. It has already largely 
developed the resources of the State, and the per-centage 
which it pays to the Government will eventually relieve the 
State from taxation to a considerahle extent. 

" 4^, A large numher of railways have been constructed 
without State assistance." 

" In a majority of States, general railroad laws have been 
passed, enabling corporations to be formed for making rail- 
ways, the course of which is to be approved of by Eailroad 
Commissioners or by some executive authority, due notice of 
the intended route being given in order that all persons 
affected may have an opportunity to object. Very large dis- 
cretionary powers are left with the commissioners as regards 
crossing roads, streets, rivers, &c. But as a general rule, the 
companies prefer special charters, which confer greater pri- 
vileges. A projected railroad is sometimes opposed on 
grounds of public inconvenience; but I was informed that 
opposition by individuals on private grounds is unknown, 
and would not be tolerated. 

" The company receives powers by its charter to take all 
necessary land, the mode of compensation varying in the differ- 
ent States. In some States the Courts appoint juries of twelve 
or of seven persons to determine the value. In other States a 
jury of twelve persons is named in the usual manner, from 
which each party alternately strikes off one until six are 
left. In other States the Court of the county names com- 
missioners to make awards. 

The decisions are not in all cases final; an appeal may 
sometimes be carried into some Court of the State." 

CONSTITUTION OF RAILWAY COMPANIES. 

" A railway company is governed by a president and a 
board of directors. 

"The president is paid highly, and is selected for his know- 
ledgeof business and practical acquaintance with the manage- 
ment of railways. He devotes his whole time to the affairs 
of the company. In him is vested the whole executive 
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power, and he is responsible for the efficient and economical 
working of the line. The directors are generally good men 
of business, but unpaid, excepting when they are required 
to attend continuously on occasional committees; they 
would appear generally to have the position of a consulta- 
tive body, to assist and watch over the president, and to be 
responsible for the financial position of the company, and 
for the proper management of the accounts. 

" These officers are elected annually by a majority of 
votes, present, or represented by proxy, at a general meeting." 

Captain G-alton gives the following view of the financial 
position of the American Eailways : — 

" The cost per mile of railway open averages from 
L.10,000 to L.l 2,000 on the New York and Massachusetts 
railways as compared with L. 35,000 on British railways. 

"The earnings per mile run by the trains average 77*28dol. 
for Massachusetts railways, 88 dol.for New York railways, and 
91 dol. for the other railways mentioned, as against 68*45 dol. 
for England; the expenditure per train per mile being 47*52 
dol., 50 dol., and 52 dol., compared with 38*22 dol. for England. 
The receipts per mile of railway are L.l 397 in Massachu- 
setts, and L.1576 in New York, compared with L.3013 in 
English railways ; the working expenses per mile of railway 
in those States being L. 857* 65., and L.892*66., compared with 
L.1504-39 for English railways. 

" It appears, from the figures I have obtained, that the 
number of trains are fewer in proportion to the traffic; and 
that those trains are better filled than ours. 

" The charge for maintenance of way is high as compared 
with that on English railways, and the proportion which the 
working expenses bear to the receipts from traffic is higher 
than in England, being fifty-six and sixty per cent, of the 
receipts as compared with forty-eight per cent, on English 
railways. The high cost of maintenance of way is probably 
in part due to the necessity for removing snow in winter; but 
the generally large proportion which the working expenses 
bear to the receipts, as comi)ared with English railways, is 
due, partly to the less perfect condition of the lines, and 
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partly to the higher value of labour." Captain Galton 
gives a table which shows the average wages paid to the 
different classes of railway servants on one of the principal 
Tail ways in the United States — ^viz., the New York and Erie 
Bailway. From this it appears, that an engine-driver re- 
ceives on an average between lis. and 12s. per day; the 
wages of a fireman and a porter average between 4s. and 5s. 
per day; and a platelayer earns about 4s. per day. 

Captain Galton remarks that " these results show that the 
number of trains is better adapted to the requirements of the 
traffic than is the case with us ; that the original cost of the 
railways has been much smaller than that of English railways ; 
that the cost of working in proportion to the receipts, is on an 
average larger than in this country; and that the proportion 
which the profits bear to the capital invested is between five 
■«» and six per cent, in New York and Massachusetts, and more 
"Til the Western States, as compared with three or three and 
a^half per cent, on British railways. But it must be borne 
in mind that the ordinary rate of interest in the United 
States, on the best securities, is as much as six, seven, or 
• eight per cent., and that, consequently, the profits on rail- 
ways in the eastern States, do not bear a very different ratio to 
the ordinary rate of interest than is the case in this country." 

With reference to the construction of the Great Western 
Prairie lines. Captain Galton says — 

" The ballasting is generally very deficient at first. On 
the prairie lines it is impossible to procure ballast, except 
from very considerable distances. In constructing these 
lines, a ditch is dug on each side of the road, and the soil 
banked up, so as to cover the centre of the sleepers, but 
doped off on each side, leaving the ends of the sleepers 
exposed, in order to allow rain to drain off rapidly. 

" The elasticity of the soil makes these roads far from dis- 
agreeable to travel over when dry; but in wet weather and 
frost, the absence of ballast is a source of great inconveni- 
ence and danger. This may be remedied, to some extent, by 
.:j|]b|bring a good drain under the centre, as well as the sides 
.- i-(rf'13l* roads; but nothing can compensate for the absence of 
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ballast, which, in a severe climate like that of America, 
should be of broken stone, not less than two feet in depth 
under the sleepers, with good drainage; it is sometimes 
customary to slope the top of the ballast on each side, bo as 
to cause the snow melted on the surface to drain off. 

" The dust caused by the friable nature of the soil is the 
great inconvenience of summer travelling in the United States. 

** Several plans have been tried to avoid it. On some 
railways windows have been constructed, so that the sides 
should slant outwards and throw it off. 

*'0n the Michigan Central Eailway a screen of tarred 
canvas is fixed, so as to reach from the lower framing of the 
cars to within aboit 2 inches of the rails outside the wheels. 
The screen terminates in a framework, which is arranged to 
abut against a similar framework on the next car, so that 
from one end of the train to the other a tunnel is formed 
under the cars, in which the dust is confined, and can only 
escape at the end of the train. This plan prevents dust in 
the cars, but is said to cause heated axles. 

" On the New York and Erie Eailway, the following plan 
secures freedom from dust, and good ventilation : — A funnel, 
placed at the top of the car, faces the direction in which 
the train is proceeding, and the movement of the train 
causes the air to pass down this funnel into a chamber, 
where it is purified. A cistern of water is fixed under the 
car, and a pump, worked by the rotation of the axles of the 
car, forces the water into the chamber through jets arranged 
to fill the chamber with spray. The air, in passing through 
this spray, is freed from dust. In cold weather a stove is 
placed so as to warm the water. The air then passes 
through flues under the floor into the interior of the car. 
The windows must be kept closed. As this arrangement is 
in practical use on several cars on the New York and Erie 
Railway, it would be well worthy of a trial upon English 
railways; especially in large saloon carriages."* 

* The dust and high temperature will, in all probability, be found to 
occasion considerable difficultj on the great Indian lines now in ooone of 
oonBtruction. 
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For many very valuable and interesting details as to the 
management of the American railways, I have to refer the 
reader to Captain Galton's Keport, and shall close this 
chapter by giving at length his concluding remarks, which 
contain a recapitulation of his observations and infer- 
ences: — 

" There are two distinguishing features of the American 
■ system in its relations to the public, which contrast strongly 
with the system in operation in this country, viz : — 

" First, That the public are left almost entirely to take 
care of themselves in trains, at stations, and at level cross- 
ings, the only warning of danger being a placarded notice, 
or the sound of the engine bell. 

" Second^ That the conveniences and comfort in the cars 
are extended equally to all ranks of passengers at a low 
mte of fare; by which the tendency to travelling is pro- 
moted. 

" These two features are no doubt in some measure due 
to the habits of the people. Indeed, it is to be borne in 
mtnd, that the American railway system must not be judged 
by the standard that we have established in England. 

" In this country, where the space is limited, and where 

good roads and canals already existed, railways were sought 

aa a means of annihilating distance by high speeds, and of 

centralizing business into one focus; and were at first 

, aciffcely considered as a means of conveyance for the lower 

[ clattses. 

*' In a new country, where time is not so valuable, high 
fpeeds are not required, but a cheap and certain means of 
.< locomotion for all classes, and of transporting the produce 
of the country to a market, is a first necessity. A railway 
18 the best instrument for satisfying this want. Any saving 
in the cost per mile of a railway adds to the means avail- 
able for extension ; and, in a rapidly developing new country, 
a^iital is dear. Hence a rough-and-ready cheap railway, 
aldicfttigh it entails increased cost for maintenance, is prefer- 
iiUa to a more finished and expensive line. These consi- 
.'.' Sesrations have influenced the construction of American 
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railways, and the system which heks grown up under them is 
well adapted to the wants of the country. 

" But this system has not yet attained a fixed position. 

" As the population, and the consequent traffic, increases, 
new capital must he expended in stations, sidings, and addi- 
tional lines of rails, by which the cost per mile, which now 
averages from L.7000 to L.9000, will be increased; the 
several railways will become more interlaced; a freer inter- 
change of working stock will probably be necessary, possibly 
involving a resort to an establishment similar to the railway 
clearing-house. 

" Independently of the conveniences afforded equally to 
all ranks of passengers already mentioned, there are many 
points in the system which are worthy of consideration. 

" ist, The general system upon which the railway com- 
panies are organized is one which appears to afford a good 
guarantee for efficient management. A railway is managed 
by a well-paid president, in whom the whole executive 
power is vested; he is responsible for the efficient and econo- 
mical working of the line. A body of directors, generally 
good men of business, unpaid, excepting on peculiar occa- 
sions, are appointed to watch over the interests of the share- 
holders, and to see that the president does his duty; and 
also to take care that the accounts are kept in such a form, 
and with such checks, that malversation cannot take place. 
The shareholders have the privilege of electing the presi- 
dent and the directors annually, instead of being compelled 
to elect them for three years, as is the case in England. 
They therefore possess a direct control over the manage- 
ment of their affairs. 

" 2d J There are several matters connected with the con- 
struction of railways which are worthy of notice, viz. : — 

^^The encouragement of the use of rails on roads and 
streets, to facilitate the distribution of goods traffic, as well 
as to accommodate local passenger traffic, would prove very 
useful in many towns where the streets are broad, instead of 
throwing every impediment in the way of thus extending 
the advantages of railways. 
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" The practice of attaching a signal to the lever by which 
the switches or points are moved, and of habitually locking 
facing points in position, might be advantageously followed. 

" The plan of carrying a railway over a hill by zig-zags 
(inclined planes) would aflford a comparatively inexpensive 
means of crossing a steep mountain pass. Each zig-zag 
terminates in a level space, and the train having been 
moved forward along one zig-gug on to the level space, is 
backed up the next, and so on. 

" The principle of supporting engines and carriages on 
two independent trucks deserves attention;* the small 
diameter of the wheels may possibly increase the friction, 
but the cars run safely, and the double springs secure easy 
motion ; it enables very long bodied cars to be used, which 
accommodate more passengers with less dead weight than 
IB usually the case in England, especially on narrow guage 
lines. The absence of doors renders the amount of attend- 
ance on passengers more easy. The conveniences before 
deBcribed, which are afforded in American cars, are a great 
comfort on long journeys. 

" The invariable establishment of a means of communica- 
tion between the different servants in charge of a train, and 
the use of breaks to each carriage, might be adopted with 
advantage. The mode of coupling carriages together by 
means of a central connection deserves notice, as being less 
dangerous for the employes than the plan in use on English 
laOways. f 

" The protection afforded to the engine-driver and fire- 
man against the inclemency of the weather, is well worthy 
of imitation, and would promote safety by enabling the men 
to keep a better look-out. And the use of a bell on the 
engine, in lieu of the continual use of the steam whistle, to 
give notice of the approach of a train to stations and at level 
croBaings, presents many advantages, especially in towns. 

** Carriages on this principle were in use for a short time on the Water- 
ibrd and Limenck Railway. " 

• t" ^ central connection between carriages has been in use on the Dublin 
Kingstown Railway.** 
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" 3J, Economy and increased efficiency results from the 
use of the electric telegraph to transmit information of the 
movements of all the trains on a railway, and to enahle a 
responsible officer, placed in a central position, to control 
them when they become irregular, as well as to learn each 
day the positions of all cars on the railway, and the quantity 
of goods, &c., at each station which requires to be accommo- 
dated, and to give orders for the cars to be moved to meet 
the wants of the traffic. 

** 4:th, The detailed organization on the New York and 
Erie Railway deserves attentive consideration ; its main fea- 
tures being a high degree of centralization, and the syste- 
matic arrangement of the duties of the officers and servants, 
so as to enforce a rigid system of personal accountability 
through every grade of the service. 

"5^^, Those general legislative provisions for securing 
the public interests, which appear principally to deserve no- 
tice, are, that railway companies shall keep their lines in 
repair, and open for public use, and that they shall supply 
sufficient accommodation, and transport merchandise and 
property without partiality, favour, or affection, and with 
all practicable dispatch. That a railway company is pro- 
hibited from exercising the calling of a banker, broker, or 
dealer in any article whatever. That in some States a 
government department is empowered to inquire minutely 
into the causes of railway accidents, to examine witnesses 
on oath, and to call for all necessary books, papers, &c., and 
to publish their reports. 

*' 6^^, But it is with reference to the construction of rail- 
ways in our own colonies that the American system deserves 
especial notice. The considerations which led to the adop- 
tion of, and the necessities which fostered that system, 
apply with equal force to railways in the colonies. It 
appears therefore desirable to call attention to some of the 
deductions which may be drawn from the consideration of 
this system. 

*^ a. A railway would appear to be the best road for arterial 
lines of communication in a new country. 
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y 

i. 

*' ft. In making railways in a new country, bearing in 
„ mind the high rate of interest which money commands, the 
ii outlay for construction should be as small as possible, con- 
sistent with safety and economy of working; the object- 
being to devote the money to be spent to extending the 
; : mileage and opening out the country, rather than to making 
V * very solid works or to obtaining high speeds. 
H, "c. Eailways made by the States in America have not 
'^ proved successful, in consequence of the persons selected to 



manage them being chosen from political considerations. 
i.. " d. The encouragement given to private companies for 
i^ the construction of railways in new states, by means of 
^. ' grants of land, has proved very successful. It has facili- 
'.. tated the rapid settlement of the country and the develop- 
^ ment of its resources. It has directly benefited the State 
by enhancing the price of the land retained by the State, as 
well as by the permanent reduction of the general taxation 
occasioned by the contribution of seven per cent, on the gross 
.>:. leceipts of the railway reserved to the State in considera- 
tion of the grant of land. But the successful instances of 
v^..tbis system are limited to localities where land is of a 
r . aaperior quality, and the climate favourable." 
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CHAPTEE X. 



WATER-WORKS. 



Fairmount Water-works at Philadelphia— Constraotion of the Bam over the 
River Schuylkill — Pumps and Water-wheels — Resenroin, &o. — The 
Water-works of Richmond in Virginia— Pittsburg — Montreal— Cinoin- 
natti — Albany — Troy — Wells for supplying New York and Boston- 
Plans for improving the supply of Water for New York and Washington. 

The Fairmount Water- works are situate on the east hank 
of the Kiver Schuylkill, about one mile and a-half from the 
town of Philadelphia. They are remarkable for their effi- 
ciency and simplicity, as well as their great extent. They 
were commenced in 1819, and were in a working state in 
1822. According to the Water Company's Eeport for the 
year 1836, the whole sum expended in their execution, up 
to that date, was L.276,206.* 

The water of the River Schuylkill, with which the town of 
Philadelphia is supplied, is raised by water power into four 
large reservoirs, placed on a rocky eminence near the bank 
of the river ; and after passing through gravel filter-beds, it 
is conveyed in two large mains to the outskirts of the town, 
and thence led into the various streets by smaller mains and 
branch-pipes. 

Plate XIII. is a ground plan of the water-works, includ- 
ing part of the River Schuylkill and the adjoining country. 
Letters a, 6, c represent a dam which has been thrown across 
tlio river in order to obtain a fall of water for driving the 
water-wheels. Letter d is the mill-race, c, e the buildings 
in which the water-wheels and force-pumps are placed, and 

* Annual Reports of the Watering Committee to the Select and Common 
Councils of the City of Philadelphia. 
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/,/,/eLie the filters and reservoirs for the reception of the 
water. 

The erection of the dam across the river was the first and 
^ most arduous part of this work. It measures about sixteen 
\hundred feet in length from bank to bank, and creates a 
Stagnation in the flow of the stream, which extends about 
six miles up the river. The greatest depth of water in the 
line of the dam at low water of spring tides is twenty-four 
feet, and the rise of tide is six feet. From c to 6 the bot- 
tom of the river consists of rock covered with a deposit of 
mud about 11 feet in depth, and from 6 to a the bottom is 
entirely composed of bare rock, part of which, at the western 
Bide of the river, is exposed during low water, as shown in 
the plate. The line of the dam forms an angle of about 45 
degrees with the direction of the stream. In this way a 
large overfall is formed for the water, and its perpendicular 
rise above the top of the dam, when the river is in a flooded 
state, is not so great as it would have been had the dam been 
placed at right angles to the stream. By adopting this di- 
rection the strength of the structure is also considerably in- 
creased, for the mass of the dam opposed to any given sec- 
tion of the stream is greater directly as the cosine, or in- 
versely, as the sine of the angle formed by the line of the 
dam and the direction of the stream impinging on it. 

The part of the dam which was first formed is that which 
is founded on the mud bottom extending from c to h. It 
consists of a large mound composed of rubble stones and 
earth thrown into the river. It measures 270 feet in length, 
150 feet in breadth at the base, and 12 feet at the top, and 
its upper slope or face, which is exposed to the wash of the 
river, is cased with rough pitching formed of large stones. 
The termination of the dam at the point h is protected by a 
cot-stone pier, measuring twenty-eight feet by twenty- three 
feet, which is founded on rock, and built in water twenty- 
eight feet in depth. 

The part extending from b to a is the overfall dam. It 
measures 1204 feet in length, and is founded on a rocky 
bottom, which rises pretty regularly from 6, where there is 
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a depth of twenty-four feet during the lowest tides, towards 
a, where the rock is uncovered at low water. 

The current of the river heing strong, it was found impos- 
sible to form this part of the dam by constructing a mound 
of rubble on the rocky bottom, according to the plan follow- 
ed in founding the first part of the structure, on a bottom 
composed of mud. The expedient resorted to for retaining 
the stones on the shelving rock was extremely ingenious, 
and has proved very effective. 

The overfall dam consists of a strong wooden framework 
or crib, which was formed in separate compartments, and 
sunk in small portions in the line of the dam, by filling it 
with stones. Plate XIV. is a drawing of the dam, in which 
fig. 1 is an elevation of a part of its lower front or face, and 
fig. 2 is a cross section. These views show the wooden 
frames or cribs of which the dam is composed, and also the 
rubble-stone hearting which prevents them from floating. 
The cribs are formed of logs of wood, measuring eighteen 
by twenty inches, connected together by strong dove-tailing, 
notched three inches deep, in the manner shown in the 
drawing. The size of the wooden frame-work, measured in 
the direction of the stream, is seventy-two feet, and the 
separate compartments of which it was formed measured 
twenty feet in breadth. The part of the dam over which 
the water flows, marked aa, and also the posterior part of 
it, ah, are covered with planking six inches in thickness. 
In forming the dam, the cribs were floated one after another 
to the site which they were to occupy, and large stones being 
thrown into them, they gradually sank, until at last they 
rested on the bottom of the river. The upper parts of the 
several cribs, or those portions of them which stood above 
the level of low water, were then firmly connected together, 
so as to form one continuous framework, behind which a 
large mass of rubble hearting and earth was placed, in the 
manner shown in the drawing, to give the whole structure 
weight and stability, and to prevent leakage. 

This mode of forming dams is very generally practised in 
America in forming lines of slackwater navigation, and has 
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been fotind to stand remarkably well. The dam just alluded 
to, at the Fairmount Water- works, withstood a great flood 
which occurred at the breaking up of the ice, on the 21st 
February 1832, without sustaining the smallest injury. On 
that occasion the water of the Schuylkill flowed over the top 
of the dam in a solid body no less than eight feet eleven 
inches in depth. As the erection of the dam impeded the 
navigation of the river, the Water Company had to com- 
pensate the Schuylkill Navigation Company by forming a 
canal, marked hh in Plate XIII., for the passage of their 
coal barges. This canal is about 900 feet in length. It has 
two locks of six feet lift each, and one guard-lock at the 
upper extremity. 

The water is admitted into the mill-race cZ, by three arch- 
ways at c, which have a water-way sixty-eight feet in breadth, 
and, when the river is in its ordinary state, admit a body of 
water six feet in depth. These archways can be shut by 
means of gates, and the whole of the water can be drawn off 
from the mill-race, if required, by opening a sluice commu- 
nicating with the part of the river below the dam. The 
mill-race, which is excavated in solid rock, was a most la- 
borious and expensive work. It is 419 feet in length, and 140 
feet in breadth ; its depth varies from sixteen to sixty feet. 

From c?, the water flows to the wheel-houses c, which have 
been built of a sufficient size to admit of eight wheels and 
eight force-pumps being employed to raise the water. In 
1837 only six of the wheels and six force-pumps had been 
put up. The average daily quantity of water raised by each 
pump during the last year was 530,000 gallons, and the 
whole quantity of water distributed from the reservoirs per 
day, to 19,678 householders, was 3,122,664 gallons. It has 
been calculated that thirty gallons of water, acting on the 
wheel, raised one gallon into the reservoir. 

The water-wheels vary from fifteen to sixteen feet in di- 
ameter. They are fifteen feet in breadth, and make thirteen 
reYolntions per minute. The spokes, rims, and buckets are 
formed of wood, but they revolve on cast-iron axles, weighing 
five torn each. The working of the wheels is impeded dur- 
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ing spring tides, by the water rising upon them ; but it has 
been found that their motion is not materially affected until 
the back-water rises about sixteen inches on the wheel. 
They are stopped, however, on an average, about sixty-four 
hours every month from this cause. 

The pumps are common double-acting force-pumps, hav- 
ing a stroke of six feet, worked by cranks attached to the 
axles of the paddle-wheels. The height to which the water 
is forced is ninety-two feet, and the most substantial work 
is necessary to insure the stability of the pumping appara- 
tus, under the pressure of a column of water of so great a 
height. 

A cast-iron main, sixteen inches in diameter, leads from 
each of the force-pumps to the reservoirs. The communication 
between the force-pumps and the reservoirs, can be cut off by 
a stop-cock, placed on the main, so that, when the pumps are 
not in motion, they can be relieved from the pressure of the 
column of water. The shortest main is 284 feet in length. 

The reservoirs for containing the water are placed at an 
elevation of 102 feet above the level of low water, and fifty - 
six feet above the highest part of the streets of Philadelphia. 
There are four reservoirs, the aggregate area of which is 
about six acres. The reservoirs are founded on an elevated 
rock, but the water is retained by means of artificial walls 
and embankments. The side walls of the reservoirs are 
built with stone, behind which there is a backing of clay 
puddle, two feet in thickness, and the whole is surrounded 
towards the outside, by an embankment of earth, sloping at 
the rate of one perpendicular to one horizontal, and covered 
with grass sods. The reservoirs are paved with bricks, laid 
with lime-mortar, on a layer of clay-puddle, and well grouted, 
to prevent leakage. The depth of water in the reservoirs is 
twelve feet three inches, and, when filled, they contain up- 
wards of twenty-two millions of gallons of water. There is 
a considerable advantage in having four reservoirs. The 
water, after being discharged from the force-pumps into one 
of them, passes through all the other reservoirs, between 
each of which there is a filter, so that any impurities in the 
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water are extracted during its passage from one cistern to 
another, and prevented from entering the pipes, which dis- 
tribute it to the town. 

The water is conveyed from the reservoirs, and distributed 
through the town, in cast-iron pipes 98| miles long. About 
one-half of these pipes was cast in America, and the re- 
^nainder were imported from England. The two mains lead- 
ing from the reservoirs to the town measure twenty-two 
.inches in diameter. The small mains and pipes which have 
been laid in the streets measure from three to twelve inches 
in diameter. The pipes are formed in the usual manner, 
and the different lengths are connected by spigot and faucet 
joints. The average cost of the whole of the pipes and 
jmaiDS laid down was 7s. l^d. per lineal foot. 

The very small cost at which the town is now supplied 
is an ample ground for having substituted, even at consider- 
able outlay in the first instance, the system of raising by 
Itteans of water instead of steam power ; steam having been 
used at the Fairmount works previous to the year 1822. 
Tke expenditure, including repairs and salaries connected 
With the works, for distributing a daily supply of 3,122,664 
' ^galloDS of water was, in 1836, L.2800. The following in- 
foTDCiation regarding the details of this most interesting and 
Indent work are drawn up by Mr Graffe, the superintendent, 
and printed in the Water Company's annual report for the 
ymx 1836 :— 

V Gallons. Gallons. 

sit Beaervoir No. 1 was finished in 1815, and contains, 3,917,659 

n« nesenroirNo. 2 was finished in 1821, and contains, 3,296,434: 

«' . Me Reservoir No. 3 was finished in 1827, and contains, 2,707,295 

-/' . Containing, . . 9,921,388 

K. 9Im first section of Reservoir No. 4 was finished in 1835, 

i-:- Mideoutains, ...... 3,658,016 

•^ At ieooad section of Reservoir No. 4 was finished in 

1886, and contains, ..... 4,381,322 

Bm third auction of Reservoir No. 4 was finished in 1836, 

- aad eoBtftins, ...... 4,071,250 

12,110,688 

^^ , The Reservoirs contain together, . . 22,031 ,9/ (> 

I 
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Reservoir No. 1 cost, • . • • 

Reservoir No. 2 cost, . • • . . 

Reservoir No. 3 cost, . . . . . 

First, second, and third sections of Reservoir No. 4 cost, 

Total, 



Dollara. 
32,508.52 

9,679.47 
24^21.75 
67,214.68 

133,824.42 



The whole expense of the reservoirs amounted to 133,824 
dollars, which is equal to about L.26,765. 

" The water of the reservoirs covers a surface exceeding 
six acres. The reservoirs are each twelve feet three inches 
deep, and are elevated above the water in the dam ninety- 
six feet perpendicular. 

" The water flowing from the reservoirs for the supply of 
the city and districts, per day, at different periods of the 
year 1836 was as follows : — 







GaDons. 


From Febraary 1st to 2l8t, in very cold weather, 


. 1,769,800 


... February 2l8t to March 20tb, 




. 2,113,257 


... March 20th to June 3d, 




. 3,046,120 


... June 3d to July 22d, 




. 3,942.643 


... July 22d to September 9th, . 




. 4,152,917 


... September 9th to October 28th, 




. 3,679,800 


. . . October 28 th to December Slst, 




. 3,154,114 



" The average daily supply, in 1836, was 3,122,664 gallons. 
The above supply of water is distributed to 16,678 tenants 
by private pipes, and to 3000 families by public pumps, 
making the number of families supplied 19,678. 

" Tlie quantity of iron pipes laid for the distribution of 
the water is as follows : — 







Miles. 


In the city, .... 




. 58 


In the district of Spring Gardens, 




. Ill 


In Southwark, .... 




. lOi 


In the Northern Liberties, 




. 121 


In Moyamensing, 




. 21 


In Kensington, 




. 3 



Together . 98| 

" The water rents collected for the year 1837 are as 
follows : — 



r 
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In th6 oity, ••••••• 

ladading rents on the Girard estate, and rent due by H. J. 

WilUams and others at Fairmount, 
la luring Gardens, • 

Jn Sonthwark, . • 

Id the Northern Liberties, 
Jm Moyamensing, 
Ib Kensington, 
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Dollars. 
67,080.60 

1,048.60 

13,674.25 

10.517.60 

20,009.37 

1,956.00 

2,146.26 



Total, . 106,432-37 

Amounting in all to about 106,432 dollars, which is equal 
to about L.21,286. 



The expenses for the water-power works connected with the 
applicable parts of the former steam-works were, December 

^Add the expenses for reservoirs, iron pipes, &c., in 1832, 
Do. Do. in 1833, 

Do. Do. in 1834, 

Do. Do. in 1835, 

Do. Do. in 1836, 



which deduct, for the support of working machinery, 
Bftterials, salaries, &c., 14,000.00 dollars per annum for the 
last five years, . . ' . 

JiMTes the expenditure for the permanent works, up to 31st 
December 1836, ...... 



Dollars. 



1,138,323.64 
66,196.68 
37,364.06 
66,163.36 
73,288.38 
71,706.61 

1,451,031.43 



70,000.00 



1,381,031.43 



!&■ 



* The expenditure for permanent works, therefore, amounts 
• io 1,381,031 dollars, which is equal to about L.276,206. 

The supply of water for the town of Kichmond in Virginia, 
ii procured from the James Eiver, in the same manner as at 
PWladelphia ; but the works are on a much smaller scale. 
The water is raised 160 feet by two water-wheels into two 
leservoirs, measuring 194 feet in length, 104 feet in breadth, 
and ten feet eight inches in depth, which are capable of con- 
taining upwards of two millions of gallons of water. Before 
leaving the reservoirs, the water is purified by passing through 
two gravel filters. The water-wheels are eighteen feet in 
>^4iAineter, and ten feet in breadth, and the fall is ten feet. 
barrels of the two force-pumps are nine inches in dia- 
r, and six feet in length of stroke, and, in the ordinary 
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state of working, when only one wheel is in operation, raise 
about 400,000 gallons of water in twenty- four hours. 

The cast-iron main which leads from the pumps to the 
reservoir is eight inches in diameter, and about 2400 feet in 
length. Mr Stein was engineer for the work, which is said 
to have cost about L. 20,000. 

Pittsburg, on the Ohio, in the State of Pennsylvania, is 
supplied with water from the Kiver Alleghany. It is raised 
by a steam- engine of eighty- four horse power into a reservoir 
capable of containing 1,000,000 gallons of water, and elevated 
116 feet above the level of the river. The main leading from 
the pumps to the reservoir is fifteen inches in diameter, and 
the pump raises 1,500,000 gallons in twenty-four hours. 

Montreal also is supplied in the same manner from the 
water of the St Lawrence, which is raised by steam power to 
an elevated reservoir, and then distributed through the town. 

The following account of the water-works, which have 
lately been established at Cincinnati, on the Ohio, in the 
State of Ohio, is given by Mr Davies the superintendent : — 

" The Cincinnati Water-works were constructed in 1820. 
The water was taken from the Ohio River by a common force- 
pump, worked by horse-power, placed upon the bank of the 
river, sufficiently near low- water mark to be within the usual 
atmospheric pressure, and thrown from that point to the re- 
servoir, 160 feet above low water-mark, from which it was 
conveyed to the town in wooden pipes. The town at that 
time afforded no inducement for a larger supply of water 
than could be brought through wooden pipes of three inches 
and a-half in diameter, consequently the works at the river 
were only calculated to supply a pipe of that size. Only a 
short time, however, was necessary, to prove the necessity 
of an increase, and a change from horse-power to steam. 

" The works now consist of two engines, one propelling a 
double force-pump of ten inches in diameter, and four feet 
stroke, throwing into the reservoir about 1000 gallons in a 
minute ; the other propelling a pump of twenty inches in 
diameter, eight feet stroke, and discharging about 1200 gal- 
lons per minute. The reservoirs are built of common lime* 
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stone ; the walls are from three to six feet thick, and grouted. 
The water is conveyed immediately to the town, without being 
permitted to stand or filter. Iron pipes of eight inches in 
diameter convey it through the heart of the town, from which 
it branches in wooden pipes of from one and a half to three 
and a half inches in diameter. From these it is conveyed 
into private dwellings in leaden pipes at the expense of the 
inhabitants, who pay from eight to twelve dollars* per an- 
num, according to the purposes for which it is used. Each 
family, of course, use any quantity they choose, their hydrants 
communicating freely with the main pipes. The iron pipes 
ttre made in lengths of nine feet each, and connected together 
by the spigot and faucet joint run with lead, which occupies 
% space round the pipe of three-eighths or half an inch in 
thickness.'' 

Albany, on the Hudson, is principally supplied with water 
JMrpcured in the high ground in the neighbourhood, and con- 
Teyed in a six-inch pipe for a distance of about three miles 
to ft reservoir near the town. 

Troy, on the eastern or left bank of the Hudson, about 
fenrteen miles above Albany, is also abundantly supplied with 
good water collected in the high ground in the neighbour- 
liood. The reservoir stands about one-third of a mile from 
fhe town, and is seventy feet above the level of the streets. 
It is capable of containing 1,900,000 gallons, and the water 
it conveyed from it to the town in a main twelve inches in 
diftmeter. The works are said to have cost L. 23,000. The 
4Annal expense of conducting them is L.160. 

The situation of Boston is somewhat like that of New 
.Tork. It is surrounded by the sea, and the supply of good 
mter is far from being sufficient for the inhabitants. Mr 
Sftldwin, civil engineer, has made a survey and plan for the 
mpply of the town, in which he contemplates bringing water 
.from, some springs in the neighbourhood.f 

At present the town is supplied chiefly from wells. Ac- 

♦ From about L.l, 123. to L.2, 8s. 

^ tU^pcrt on introdttcinff pure Water into the city of Boston. By Loam mi 
.;9iiaiwin, C.E. Boston. * 1835. 
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cording to Mr Baldwin's report, there are no less than 2767 
wells in Boston, thirty- three of which are Artesian. Only 
seven, however, out of the whole number, produce soft water ; 
and of these, two are Artesian. 

Grreat difficulty has been experienced in forming many of 
the wells on the peninsula of Boston, in some of which, on 
tapping the lower strata, the water is said to have risen to 
seventy-five, or eighty feet above the level of the sea.* 

The following very interesting remarks regarding two of 
these wells, are quoted by Mr Storrow in his Treatise on 
Water- works : — 

"Dr Lathrop gives the following history of a well dug near 
Boston Neck.f ' Where the ground was opened, the eleva- 
tion is not more than one foot, or one foot and a half above 
the sea at high water. The well was made very large. After 
digging about 22 feet in a body of clay, the workmen pre- 
pared for boring. At the depth of 108 or 110 feet the augur 
was impeded by a hard substance ; this was no sooner broken 
through and the augur taken out, than the water was forced 
up with a loud noise, and rose, to the top of the well. After 
the>first effort of the long confined elastic air was expended, 
the water subsided about six feet from the surface, and there 
remains at all seasons, ebbing and flowing a little with the 
tides.' 

" Dr Lathrop observes, that the proprietors of this well 
were led to exercise great caution in carrying on the work, 
by an accident which had happened in their immediate neigh- 
bourhood. * A few years before, an attempt was made to 
dig a well a few rods (16J feet) to the east near the sea. 
Having dug about 60 feet in a body of clay without finding 
water, preparation was made in the usual way for boring ; 
and after passing about 40 feet in the same body of clay, the 
augur was impeded by stone. A few strokes with a drill 
broke through the slate covering, and the water gushed out 
with such rapidity and force, that the workmen with diffi- 

• A Treatise on WaUr-worlct, By Charles S. Storrow. Boston. 1835. 
f Memoirs of the American Academy of Arts and Sciences, Vol. 3. 
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culty were saved from death. The water rose to the top of 
the well and ran over for some time. The force was such 
as to bring up a large quantity of fine sand, by which the 
well was filled up many feet. The workmen left behind all 
their tools, which were buried in the sand, and all their 
labour was lost. The body of water which is constantly pass- 
ing under the immense body of clay, which is found in all 
the low parts of the peninsula, and which forms the basin of 
the harbour, must have its source in the interior, and is 
pushed on with great force from ponds and lakes in the 
elevated parts of the country. Whenever vent is given to 
any of those subterranean currents, the water will rise, if it 
have opportunity, to the level of its source.'" 

The only supply of water which the inhabitants of New 
York enjoyed in 1837 was obtained from wells sunk in dif- 
ferent parts of the town. The water was raised from these 
wells by steam-power to elevated reservoirs, and thence dis- 
.fcributed in pipes to different parts of the town. Some of the 
wells in New York belong to the Manhatten Water Com- 
pany, and some to the corporation. One well, belonging to 
the corporation, is 113 feet in depth. For the purpose of 
collecting water, there are three horizontal passages leading 
from the bottom of the well, which measure four feet in 
width, and six feet in height ; two of them are seventy-five, 
and the third is one hundred feet in length. This well cost 
about L. 11,500, and yields 21,000 gallons in twenty-four 
hours. There are many other wells in the town, some of 
which are said to produce 120,000 gallons in twenty-four 
hours. The supply at New York is far from being adequate 
to thq wants of the inhabitants ; and the water in most of the 
wells being hard and brackish, is not suitable for domestic 
purposes. 

New York is built on a flat island, which is nearly sur- 
rounded by salt water, so that the method that has been re- 
sorted to for the supply of Philadelphia, and most other 
towns in the United States, by pumping from the river, is 
altogether impracticable in that situation. Many plans have 
been proposed, and, among others, that of throwing a dam 
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across the Hudson, so as to exclude the salt water; but as a 
free passage, by means of locks, must be preserved for the 
numerous vessels which navij^te the river, the guccess of 
such a plan seems very doubtful. 

Many engineers in the United States of great reputation 
have made surveys of the country in the neighbourhood of New 
York, in order to devise a plan for the supply of the city with 
water ; but the scheme which had been ultimately adopted at 
the time of my visit was that of conveying the water of the 
River Croton in a tunnel, for a distance of about forty miles^ 
to New York. I had the good fortune to meet with Mr 
Douglass, an engineer, who, I believe, may be said to have had 
the merit of originating this gigantic work, with whom I went 
over part of the ground to be traversed by it, and from whom 
I received much information relative to the water supply of 
New York, and other matters of engineering. The works 
have, since my visit, been completed under the direction of 
Mr John B. Jervls as chief engineer, and the following short 
notice of them may prove interesting. Most of the details 
are from the works by Mr Tower and Mr Schrampe who were 
engaged in carrying out the work.* 

The Croton River flows into the Hudson, about forty miles 
above New York. It is supplied mainly by several springs 
and small lakes situated about twenty-five miles from its 
mouth. Its mean discharge was ascertained to be about fifty 
millions of gallons in twenty-four hours, equal to 5787 cubic 
feet per minute. Its minimum flow was found to be twenty- 
seven millions of gallons in twenty-four hours, or 3121 cubic 
feet per minute. The following are the works by which this 
water has been made available for the supply of New York: — 

A dam has been thrown across the Croton River at a point 
about five miles above its junction with the Hudson. The 
construction of this dam was attended first with failure, and 
afterwards with difficulty, but it was ultimately completed 

• Illustrations of the Croton Aqueduct, By F, B. Tower. New York an4 
London. 1843. 

Description of the New york Croton Aqueduct. By T. Solirampe. In English, 
Gjrinan, and French. New York and Berlin, 
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satisfactorily. It consists of timber cribs filled with stones, 
which form the nucleus of the dam. These are covered on 
the upper side by an earthen embankment, and on the lower 
side by a facing of masonry. By means of this dam the 
water of the Croton is raised about thirty-eight feet, and 
dammed back six miles, forming a store reservoir of about 
400 acres, and having a capacity of 600 millions of gallons 
above the level of the discharge sluices. The whole of the 
works connected with this dam and its off-lets appear to be 
executed in a very substantial manner. The water is con- 
veyed from the Store Eeservoir to New York in an aqueduct 
of masonry, excepting at the crossing of Harlem River and 
Manhatten Valley, where two iron pipes, three feet in dia- 
meter, are used ; but provision has been made for laying two 
additional pipes if necessary. These pipes are carried across 
Harlem River on a bridge of sixteen arches, at a height of 
100 feet above the level of the river, to admit of a free navi- 
gation. In crossing Manhatten Yalley they are laid on the 
bottom, and are depressed about 102 feet from the level of 
the aqueduct. On reaching New York the aqueduct dis- 
charges into aEeceiving Reservoir at the outskirts of the city, 
which has an area of thirty-one acres, and contains 150 
millions of gallons. From thence the water is led in iron 
pipes to the Distributing ReseiToir, which is situated in the 
heart of the city. It has an area of four acres, and contains 
20 millions of gallons. From this point the water is con- 
veyed in service pipes to the different parts of the town. 

The construction of these works seems to be very similar 
to works of a kindred nature in this country. The aqueduct 
varies in size and design according to the rate of inclination 
and the soil through which it passes. In order to counter- 
act the effects of frost and the contraction of impurities, it 
is covered throughout its whole extent of thirty-eight miles. 
The curves which occur in its course are nowhere less than 
■500 feet radius. To admit of repair, it is provided with six 
let-offs and stop-gates. There are also ventillators for air 
. at every mile, and intermediate manholes at every quarter of 

a mile to allow access to the tunnel, the general size of which 

i2 



202 WATER-WORKS. 

is about eight feet high and seven feet broad. The following 
particulars as to the levels are given by Mr Tower : — 

" The bottom of the water-way of the aqueduct, where it 

leaves the gate chamber at the Croton Dam, is 11*4 feet below 

the surface of the Store Keservoir, and 154*77 feet above the 

level of mean tide at the city of New York. The following 

table shows the length of the different planes of descent from 

the Store to the Keceiving Reservoir : — 

The 1st plane extends . . 49*43 and the descent is 2*94 7^ 

The 2d do. . . . 28063 do. 30-69 13^ 

Length of pipes across Harlem River, 0*261 ... 

Diflf.oflevel between extremes of pipes, ... do. 2*29 

The 3d plane extends . . 2 033 do. 2*25 13^ 
Length of pipes across Manhatten 

Valley, 0*77 ... 

Diflf. of level between extremes of pipes, do. 3*86 ... 

The4th plane extends . . 2*023 do. 1*60 9| 



38090 43-63 

" In crossing the Harlem River there is a fall of two feet, 
and at- Manhatten Valley a fall of three feet ; more than that 
would have been had the aqueduct continued across these 
places with its regular inclination. This extra fall was 
allowed, to adjust the number and capacity of the pipes 
(which descend below the level of the aqueduct and rise 
again), to discharge the full quantity of water as freely as 
the aqueduct of masonry would have done had it been con- 
tinued across the valleys. There is therefore a loss of this 
extra head of water for the city reservoirs, but this small 
loss of head was not considered of such importance as to in- 
duce the building of structures across these valleys up to 
the plane of the aqueduct grade. 

" The surface of the Store Reservoir is 166 feet above the 
mean level of high water at New York; the difference of 
level between that and the surface of the Receiving Reservoir 
is forty-seven feet, leaving the surface of this reservoir 119 
feet above high water. The fall from the Receiving Reservoir 
to the Distributing Reservoir is four feet, its surface being 
115 feet above high water. This last is the height to which 
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the water may generally be made available in the city. 
The surface velocity of the water in the aqueduct when 
the water is two feet deep has been ascertained to be about 
IJ mile per hour, which, taking the width at seven feet, 
gives a discharge of 1848 cubic feet per minute ; which, at 
30 gallons to each person, would afford a supply to 532,226 
persons. But the works are calculated to convey a quantity 
sufficient to fill the aqueduct to the depth of four feet, so 
that this will provide for an enormous population.'* 

The work was commenced in 1837, and opened in 1842. 
It is- stated to have cost L.1,71 3,000; the service-pipes for 
the city are stated at L.362,000 ; making in all L.2,075,000 
as the total expenditure. Mr Schrampe says, " that the in- 
terest payable on this sum, which ranges from five to seven 
per cent., is collected by a direct water tax, and some indirect 
taxes. By means of a sinking fund the capital will be re- 
deemed by degrees. The water tax amounts to L.2 for a 
house of middle size (the city has over 33,500 such houses); 
manufacturers, hotels, &c., pay according to their extent." 

For farther details regarding this truly useful and magni- 
ficent work, I must refer the reader to the interesting books 
j&om which I have quoted. 

The citizens of Washington have followed the example of 
their neighbours of New York, and are constructing an aque- 
duct to supply that city with water from the River Potomac. 
Its length (as stated in the Report of the Council of Civil 
Engineers in 1858) is about twelve miles, and the height of 
the source about 150 feet above high water mark. The aque- 
duct is circular, nine feet in diameter, and is built chiefly of 
rubble masonry, fourteen inches in thickness, laid in hydraulic 
cement. The fall is nine inches in 5000 feet; a bridge, of 200 
feet span of iron, crosses the creek between Washington and 
Cteorgetown. The iron pipes, forty-eight inches diameter, do 
duty as arched ribs to support the bridge, and also as mains 
to convey the water under pressure ; and they are lined with 
Btaves of wood as a protection against frost. It is expected 
that the work will be completed in August 1859. The esti- 
.mated cost was L.510,000. 
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CHAPTEE XII. 

HOUSE-MOVING. 

In consequence of the great value of labour, the Americans 
adopt, with a view to economy, many mechanical expedients 
which, in the eyes of British engineers, seem very extra- 
ordinary. 

Perhaps the most curious of these is the operation of 
moving houses, which is often practised in New York. Most 
of the old streets in that town are very narrow and tortuous, 
and in the course of improving them, many of the old houses 
were found to interfere with the new lines of street, but in- 
stead of taking down and rebuilding those tenements, the 
ingenious inhabitants have recourse to the more simple 
method of moving the whole en masse, to a new site. This 
was, at first, only attempted with houses formed of wooden 
framework, but now the same liberty is taken with those 
built of brick. I saw the operation put in practice on a 
brick house, at No. 130 Chatham Stteet, New York, and was 
so much interested in the success of this hazardous process, 
that I delayed my departure from New York for three days, 
in order to see it completed. The house measured fifty feet 
in depth by twenty-five feet in breadth of front, and consisted 
of four storeys, two above the ground-floor, and a garret- 
storey at the top, the whole being surmounted by large 
chimney-stacks. This house, in order to make room for a 
new line of street, was moved back fourteen feet six inches 
from the line which the front wall of the house originally 
occupied, and as the operation was curious and exceedingly 
interesting in an engineering point of view, I shall endeavour, 
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by referring to the accompanying diagrams, to describe the 
manner in which it was accomplished. Fig. 1 is an eleva- 
tion of the gable, and fig. 2 an elevation of the front of the 
bouse. 

The first step in the process is to prepare a foundation for 

Fig.l. 




the walls on the new site which the house is intended to 
occupy. A trench is next cut round the outside of the house, 
and the lower floor being removed, the earth is excavated 
fxom the interior, so as to expose the foundations of the side 
'walls and gables, which are represented in the cuts by a. 
Horizontal beams of wood, marked 6, measuring about twelve 
inches square, are then arranged at distances of three feet 
apart from centre to centre, at right angles to thb direction 
in which the house is to be moved, their ends being allowed 
to project about three feet each beyond the building, through 
holes drifted in the gables for their reception, as shown at 
&, B, in fig. 2. A series of powerful screw-jacks, marked c, 
- amounting perhaps to fifty in number, are then placed under 
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the projecting ends of the horizontal beams 6. The screw- 
jacks, as shown in the diagrama, generally rest on a beam of 
wood hedded in the ground, but in some cases they are placed 
on a foundation of Btone. They are carefully ranced or fixed, 
BO as to prevent them from kanting or twisting on the ap- 
plication of pressure. 



F-ig.Z. 




When the process haB reached this stage, the screw-jacks 
are worked bo as to bring the upper sidea of the horizontal 
beams h, into close contact with the gables, through which 
they pass, and the intermediate portions of the walla, 
between the several points of support, being carefully re- 
moved, the whole pressure of the gables is brought to bear 
on the horizontal beams £, which rest on the screw-jacks e. 
Two strong beams d, e are placed, one resting above the 
other, under each gable (a part of which is removed for 
their reception), at right angles to the horizontal beams (; 
the lower beam e rests on the old foundation of the house, 
which is levelled for its reception, and the upper beam d ia 
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firmly fixed, by meana of cleats of wood and spikes, to the 
horizontal beams b, passing through the house. The lower 
beaiuB form the road, as it were, on which the upper ones, 
Bnpporting the house, elide. The lower beams are accord- 
ingly extended, as shown at e, fig. I, by means of similar 
beams, resting on a firm foundation, to the new site of the 
house. After the beams d,e have been securely placed 
close under the horizontal beams l, the screw-jacks are 
unscrewed, and the whole weight of the gables is again 
made to bear on the foundations. Holes, at distances of 
about three feet apart from centre to centre, are next drifted 
in the front and back walls of the bouse, through which 
logs, marked /, are inserted, in the same way as formerly 
described in the gables. The ends of these logs project 
about three feet beyond the faces of the walls, and are sup- 
ported by cross-beams, shown at g, g, fig, 1, the ends of 
irhich rest upon the beams d, under the gables. The 
.iBtermediate portions of the front and back walls, between 
the supporting beams, being removed in the same manner 
■ u the gables, the whole weight of the building rests on the 
iawet beams, d and e, on which the motion is to take place. 
Avery powerful screw-jack, shown at A, fig. 1, is fixed, in a 
.horizontal position, to each of the beams e, on which the 
tiOHBB is to move. The end of the screw-jacks butt against 
the upper baams d; and when they are worked, the upper 
beams, bearing the whole weight of the bouse, slide smoothly 
along on tlie lower beams e. The two beams are well 
greased; and a groove in the upper, and a corresponding 
feather on the surface of the lower one, insure a motion in 
the direction of their length. The length of the screws in 
the screw-jacks h, is about two feet ; so that if the bouse 
has to be reiaoved to a greater distance than that included 
in their range, they are unfastened, and again fixed to the 
beam e, when the house is then propelled other two feet. 
In this way, by prolonging the beams e, and removing the 
BCiew-jacks, the house may be moved to an indefinite 
distance. 

Wieu the house has been brought directly over the foun- 
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dation which was prepared for it, and which we shall now 
suppose to be represented by a in the cuts, the Bpeuses 
between the beams /and the foundation a, in the front and 
back walls of the house, are built up, and also the inter- 
mediate spaces between the several beams/. Screw-jacks, 
Bis shown at c and t, are then ranged all round the house 
under the ends of the projecting beams; they are now, 
as formerly, placed on firm foundations, and properly braced, 
to prevent them from twisting or kanting. These screw- 
jacks are then all worked, and the weight of the house 
is transferred to them from the beams d, c, g, which are 
carefully removed. The space between a a, fig. 1, and the 
horizontal beams b, which was occupied by the beams d, «, 
is now built up, and also the intermediate spaces between 
the beams b. The screw-jacks c are then slackened one 
after another, and the beams b withdrawn, the space which 
each occupied being carefully built up before another screw- 
jack is removed. The same process is performed with the 
beams/ and the house then rests on its new foundation a, 
which, in the case I saw in New York, was fourteen feet six 
inches from the spot on which the house was built. 

The operation I have attempted to describe is attended 
with very great risk, and much caution is necessary to pre- 
vent accidents. Its success depends chiefly upon getting a 
solid and unyielding base for supporting the screw-jacks c, ♦, 
and for the prolongation of the beam e to the new site which 
the house is to occupy. It is further of the utmost import- 
ance that in working the screws their motion should be 
simultaneous, which, in a range of 40 or 50 screw-jacks, is 
not very easily attained. The operation of drifting the boles 
through the walls also requires caution, as well as that of 
removing the intermediate pieces between the beams h and 
/ which pass through both walls. The space between the 
beams is only two feet, and the place of the materials 
removed, is, if necessary, supplied while the house is in the 
act of moving, by a block of wood which rests on the beams 
d. The screw-jacks h, by which the motion is produced, 
squire also to be worked with the greatest caution, as the 
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bracking of the walls would be the inevitable consequence 
of their advancing unequally. 

Notwithstanding the great difficulty attending the suc- 
cessful performance of this operation, it is practised in New 
York without creating the least alarm in the inhabitants of 
the houses, who, in some cases, do not even remove their 
f ami tore while the process is going forward. The lower 
part af the house which I saw moved was occupied as 
jEi carver and gilder's shop ; and on Mr Brown, under whose 
.directions the operation was proceeding, conducting me to 
the upper storey, that he might convince me that there were 
Ho rents in the walls or ceilings of the rooms, I was asto- 
nished to find one of them filled with picture frames and 
l^lates of mirror glass, which had never been removed from 
the house. The value of the mirror glass, according to Mr 
Brown, was not less than 1500 dollars, which is equal to 
iixmt L.300 sterling; and so much confidence did the 
0$meT of the house place in the success and safety of the 
i operation, that he did not take the trouble of removing his 
fragile property. I understood from Mr Brown that the 
li^hole operation of removing this house, from the time of its 
commencement till its completion, would occupy about five 
• Weeks, but the time employed in actually moving the house 
fourteen feet and a half was seven hours. The sum for 
which he had contracted to complete the operation was 1000 
dollars, which is equal to about L.200 sterling. Mr Brown 
jk^ntioned that he and his father, who was the first person 
who attempted to perform the operation, had followed the 
I Vtisiness of " house-movers " for fourteen years, and had 
Ifemoved upwards of a hundred houses, without any accident, 
toAHy of which, as in the case of the one I saw, were made 
entirely of brick. I also visited a church in " Sixth " Street, 
.eapable, I should think, of holding from 600 to 1000 persons, 
/ with galleries and a spire, which was moved 1100 feet, but 
[ /ftte building was composed entirely of wood, which rendered 
1- &d operation much less hazardous. The only example of 
"■ v^'^d successful moving of structures entire in this country, is 
£^''^ihat of the North Pier Lighthouse at Sunderland, a stone 
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tower, 76 feet 2 inches in height, which was moved when the 
pier was extended in 1841, a distance of 475 feet 7 inches, 
by Mr John Murray, C.E.* 



NOTE ON THE MANUFACTORIES AT LOWELL. 

The largest factories in the United States are those of 
Lowell, on the banks of the Merrimac, in the State of 
Massachusetts. The following statistical table, relative to 
the works at that place, is published at the " Lowell Courier " 
steam printing establishment, and may perhaps be useful to 
those interested in that subject. The machinery in all the 
mills which I had an opportunity of visiting at Lowell, was 
excellent. No one can fail to be struck with the extent of 
water power on the Merrimac and other American rivers. 
A correspondent in writing on this subject says, — 

" The enormous amount of the water power of the 
Northern States of the American Union, and of Upper and 
Lower Canada, is really one of the most remarkable charac- 
teristics of this country ; no estimate, that I am aware of, 
has been made of the total amount, but it must be counted 
by millions of horse power. In New England, which com- 
prises the six North-Eastern States of the Union, this 
immense water power is mainly due to the geological forma- 
tion ; the hard character of the primitive rock has enabled 
it to retain its original shape; in later and softer formations 
the rocks become degraded by the streams, which flow in 
deep valleys with a moderate slope ; in the primitive forma- 
tion the deep valleys are not formed, but the streams tumble 
over the rocks without sensibly affecting them. 

" This immense water power is the life and strength of 
the Northern States, in precisely the same way that coal is 
the strength of England. A hundredth part of this water 
power is not yet in use in the States, and in the Canadas 

* Tranioethru Inititution Civil Engineers. VoL 3, p. 342. 
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not a thousandth ; we have it however in reserve, and no- 
thing can deprive us of it, and it will he gradually brought' 
into use as the wants of the country require, and the accu- 
mulations of capital permit. 

" There is a regular way in which the great water powers 
are brought into use — Take Holyoke, on the Connecticut 
Elver, for instance. A company is formed, with a capital of say 
2,000,000 dollars ; the first step is to buy up the land in the 
neighbourhood of the falls selected, say 1000 to 2000 acres, 
Bufficient for a large tower ; a dam is built, in this case 1000 
feet long and 30 feet high, of wood to begin with ; then a 
, large canal or mill-race, at the upper end 140 feet wide and 
16 feet deep ; this is led off for a mile or two, gradually 
diminishing in size as the water is taken off at the different 
' mill sites. About 20 feet below, another canal is constructed 
• 'parallel to the first, and 200 or 300 feet distant, giving room 
for the mills between, the water being drawn from the 
. Upper and discharged into the lower. This second canal 
'^'-' conducts the water from the upper set of mills to another 
■ " set, situated on the banks of the river, where there is from 
'20 to 40 feet more fall, depending on the situation ; alto- 
gether, provision is made and the river will undoubtedly 
famish, ordinarily, 20,000 horse power. This power is dis- 
.'.. "loosed of from time to time, with the necessary land, at very 
moderate rates, say 100 dollars per horse power in cash, and 
:;- an annual rent of 5 dollars per horse power; the rent is 
ij- .IWierved as a fund to maintain the dam and other works. 
ifei'. « The particular investment I have described has not 
f'jrf^amed out profitably; it was too much in advance of the 
^.. yants of the country. Five or six similar operations, in 
^^. different parts of the country, that preceded it, have met 
? with more success ; one or two of them with great success. 
; They have altogether put into the market 60 or 70,000 horse 
power, fully half of which is in daily use at those few 
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Statistics of Lowell Manufactures, i 



IPORATIOWS. 

Drated, 

meed Operations, 

. Stock, 

!r of Mills, . 



j» employed, 
employed, . 

made per week. 



consumed per 
^k, pounds, 



consumed i)er 
eek, pounds, 

Oy ed and Printed, 



if Goods made, . 



•wheels, diameter, 



MerrimACk 

Manufacturing 

Company. 



1822 

1823 

2,500,000 doL 

6, and Print- 
works 

82,720 

2,336 

1,650 
750 

880,000 



85,000 



840,000 



Prints and 

Sheetings. 

Na 25 to 40 



6 Turbines, 5 

ft ; 4 do. 8 ft. 

6in. 



Hamilton 

Manufneturing 

Company. 



1825 
1825 

1,200,000 doL 

4, and Print- 
works 

48,512 

1,382 

850 
400 

235,000 



80,000 



112,000 print- 
ed, 18,000 
dyed 

Prints, Flan- 
nels, Ticks, 
and Sheetings, 
14 to 80 



9 Turbines, 

8 Breast 

wheels 



Appleton 
Company. 



1828 

1828 

600,000 doL 

8 

18,920 
700 

400 
120 

150,000 



60,000 



Sheetings and 

Shirtings, 

Nal4. 



5 Turbines 



Lowell 

Manofke taring 

Com pan J. 



1828 

1828 

2,000,000 doL 

1 Spinning, 
1 Carpet, 
1 Cotton 

7016 Wool, 
8050 Cotton 

200 Power 

Carpet, 

205 Cotton, 49 

Fancy Check 

800 

600 



25,000 yards 
Carpet, 14,000 

P. StuifB, 

78,000 yards 

Osnaburgs, 50 

Rugs 

55,000 



66,000 



Carpets, Rugs, 
Cotton Cloth, 
and Pantaloon 
Stnlb 



8 Turbhies— 
7 4-12ths feetj 

diameter ; 

da 8 4-12thsl 
feet da 



mddiM 

Compai 



1880 

1880 

1,000,000 

4, and 8: 
bouse 

16.34(] 

300 6ro( 

doth, 

300 Kan 

730 

675 



24,000 N 
row, 60 
Broaddi 



85,000 



Broadcih 

andDoesI 

Caaaime 

Sbawt 



12 and 17 



remge wages of Femalea, clear of board, per week, 21)0 dollar*' Arerage wa^ea of Males, elaar o 

d. ner day, (TWeentA. Medium produce of a Loom, Ko. 14 yarn, 45 yards per day. Medlam pro 

• of a Loom, ho. 80 vam, 33 yards per day. Average per Hpindle, 1 14 yard* per day. 

le Population of Lowell In 1>38 was 3632; In 1840, it was 20,7M ; in ISM, it was 3S,38ft. IncTMS* li 

rear*. I2,6(>9. In I86S, it was 37.063. 

ketrrtoir, of great capacity, has been built on the high ground In BelTldere, east of the dtr, fo 

Hirpone of furnishing a ready supply of watpr to any part of the city in eases of Are. The walvr i 

pyed into the Kei>ervoir bv furctf pumps from the lA)weIi Machine Shop. Plpett are laM ttom tb 

rroirto rarlouo parts of the city, at which points hose can tie attached to the nydranta wit boat de 

irhen necessary. 
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djrom authentic sources^ January 1858. 



■tftog 


Tremont 
MiU. 


Lawrence 

Manufacturing 

Company. 


Lowell 
Bleachery. 


Boott 
Cotton Mills. 


Maseachusetts 
Cotton MlUa. 


Lowell 

Machine 

bhop. 


U80 


1830 


1830 


1832 


1835 


1839 


1845 


18S3 


1832 


1833 and 1834 


1832 


1836 


1840 


1845 


^.MOdoL 


600,000 doL 


1,500,000 doL 


800,000 doL 


1,200,000 doL 


1,800,000 doL 


600,000 doL 


• 


2 


5 


Bleachery 
and Dye- 
works 


5 


6 


4 Shops, 

Smithy, and 

Foundry 


SMM 


20,448 


58,624 


• •• 


54,936 


58,512 


••• 


*«oo 


760 


1,852 


• •• 


1,430 


1,971 


• •• 


* 


650 


1,800 


40 


870 


1,300 


• •• 


.ISO 


130 


800 


860 


262 
including 
mule tenders 


400 


800 


II^IQQ 


280,000 


360,000 


>•• 


300,000 


507,000 

• 


• •• 




65,000 


140,000 


••* 


90,000 


175,000 


2000 tons 

wi'ought and 

cast-iron per 

annum 


••• 


• •• 


• #■ 


... 


• •• 


• e« 


• •• 


••• 


• •• 


«•• 


15,000.000 
yards dyed 
per annum 


• e* 


• •• 


• •• 


SJiT 


Sheetings, 
No. 14; 

Shirtings, 
Nal4 


Drillings, 
Printing 
Cloths; Sheet- 
ings and Shirt- 
ings, 14 to 30 


8,000,000 lbs. 

bleached per 

annum 


DrUlings, No. 

14; Sheetings, 
Shirtings, 

Jeans, Print- 
ing Cloth, 
Na30 


Sheetings, 13 
Shirtings, 14 
Drillings, 14 


Cotton Ma- 
chinery, 
Locomotives, 
Machinists' 
Tools, and 
Mill-work 


AbMbm 


4 Torbhies, 

8 feet 4 in. 

diameter 


6 Turbines, 

9 feet; 

6 Breast, 17 ft 


• •■ 


6 Turbine, 7 ft. 
8 ia, & 2 Cen- 
tre Vent, im- 
proved by Mr 
Francis, 9 ft 
4 in. diameter 


12 Breast, 17 
feet; 7 Tur- 
bines 


2 Turbines, 6 
ft. 10 in. dianu 

each ; and 1 
Breast-wheel, 

13 ft. diam. 
by 13 ft long. 



l'l*Mpl1etor8 of the Locks and Canals on Merrimnek River (J. B. Francis, agent), incorporated 

ML JW tlw owners and managers of the water-power. They have leased to the Monufiscturlng 

Orator-power amounting in the aggregate to al>oat 10,0:.U horse-power. The stock In this 

to-ownca by the Manufacturing Companies in the same proportions in which they hold 

jpvww; the rents paid are only sufficient to pay the expenses of management and maln- 

tk« power. This company carry on the Bumettising process, by which timber is ren- 

t tfttimble. From one to two millions of feet are prepared by them annually. They 

^Vfiastaff of engineers for purposes connected with the use and distribution of the water- 
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CHAPTEE XII. 

LIGHTHOUSES. 

Farts of the United States in which Lighthouses have been erected — Great 
extent of Coast under the superintendence of the Lighthouse Estab- 
lishment — The uncultivated state of a great part of the oountrj, and 
the attacks of Indians a bar to the establishment of Lights on the Ooast 
—Introduction of Sea Lights in America — Description of the present 
Board of Lights, and numbers of Lighthouses. 

The parts of the territory of the United States in which 
lights have be6n erected by the American Lighthouse Board, 
are, — first, The eastern coast of the country extending from 
the boundary between the American and British dominions 
to the Gulf of Mexico, a distance of 3000 miles, exposed to 
the Atlantic Ocean ; second, The courses of the rivers and 
bays, including the Mississippi and Hudson Eivers, and the 
Bays of Chesapeake, Delaware, &c. ; and, third, the southern 
shores of Lakes Ontario, Erie, Huron, and Michigan, em- 
bracing a line of coast of not less than 1200 miles in extent. 
In addition to these great outlines, lights have also been 
placed on some of the smaller rivers and lakes. 

The western coast of the country, which is washed by the 
Pacific Ocean, is entirely cut off from any communication 
with the inhabitants of the United States by a great tract 
of uncultivated and unexplored land, stretching from the 
northern to the southern extremity, and flanked by the 
rugged ridges of the Rocky Mountains. The United States 
of America, therefore, are quite unapproachable from the Pa- 
cific. The western coast of the country (a great part of which 
has never been explored), is still far removed from the limits 
of civilization. 
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The whole extent of coast under the jurisdiction of the 
American Lighthouse Establishment embraces the three 
compartments which have been enumerated, and is not less 
than 5450 miles, while the coast of Great Britain and Ire- 

^ land may be stated at 2800 miles, and that of France at 
1100 miles. The uninhabited and desolate condition of a 
large part of the coast proves a great bar to the regular and 
efficient establishment of lighthouses. This fact has been 
strikingly exemplified, and its consequences severely felt, 
in the State of Florida, which is said to be the most dan- 
gerous coast in the United States of North America. The 
country in this State is still, in a great measure, unculti- 
Tated. It was originally peopled only by remnants of Indian 
tribes, who showed their hostility to the introduction of any- 
thing like civilization, by opposing the erection of light- 
houses on the coast, and in some places burning the light- 
house towers, and even murdering the keepers. In one in- 
stance, a light-keeper on the coast of Florida, after defending 
himself for a considerable time against an attack made by a 
hody of Indians, was at last forced to take refuge in the bal- 
cony of the lighthouse, where he was shot by the arrows of 
the assailants. The following extract, taken from a letter 
addressed by the Fifth Auditor to the Secretary of the Trea- 
sury of the United States, shows the difficulty that was en- 
countered in transacting the business of the lighthouse estab- 
lishment: — "A contract was made in the month of July 
* last, for rebuilding the lighthouse at Cape Florida, and the 
contractor proceeded to that place with materials and men 
to execute the work ; but finding that hostile Indians were 
in the neighbourhood, he returned to Boston (a distance of 
about 1300 miles) without eflfecting his object. When the 
contract was made, there was just reason to believe that the 
Indian war was at an end, and that the work could be done 
with safety." 
_ The fact of a lighthouse system having been extended to 
ihs remotest comers of so extensive a coast, under circum- 
litances so inauspicious and unfavourable, is what could 

;. ksjfdly have been looked for, and is certainly highly credit- 



216 LIGHTHOUSES. 

able to the government of the United States, and to the offi- 
cers of the Lighthouse Establishment. Even the most su- 
perficial observer could not fail, at the time of my visit in 
1857, to discover that there was a striking contrast between.., 
the regulation of that establishment and the efficient and 
admirable systems pursued by the Lighthouse Boards of 
Great Britain and France ; but I was rather disposed to ad- 
mire the activity and zeal which had extended the benefit 
of lighthouses to remote and unhospitable regions, of diffi- 
cult access, than to wonder at the defects of the system 
which had been established for the purpose of carrying that 
important object into effect. r 

The date at which the first sea light was exhibited on the 
coast of America is not exactly known ; but the management ^ 
of the lighthouses appears to have been undertaken by the 
Government of the United States, and a system for conduct- 
ing them regularly organized in the year 1791, at which 
period they were only ten in number. These appear to have 
been erected in the States of Massachusetts, New York, and 

L 

Virginia, which were the earliest settlements in the country. 
The whole number of lighthouses, including harbour lights 
(which are also under the control of the General Lighthouse 
Board), in 1837, was 202. Of these about 172 were situated 
on the sea coast, and the remaining 30 were on the great lakes 
and rivers. There were also 26 floating-light ships, moored 
in the vicinity of particular dangers on the coast, and vary- 
ing in size from 50 to 225 tons register, according to their 
position and importance. In addition to the duties con- 
nected with the management of the lights, the Board had 
also the charge of upwards of 600 buoys and beacons placed 
on different parts of the coast. 

Since 1837 considerable changes have been introduced in 
the management of the American Lighthouses ; and their 
number and efficiency have been greatly increased. 

The management of the lighthouses is now intrusted to a 
Board, which was organized in conformity to an Act of Con- 
gress approved in 1852. This act proceeded upon a report 
made in terms of the instructions of the Government of the 
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Mied States, by a Committee appointed to report upon the 
^thouse system of the United States, and also the sys- 
3&» pursued in England and France. That Committee 
i^e an elaborate report, in which they detailed the systems 
opted by the Trinity House in England, the Commissioners 

Northern Lights in Scotland, the Ballast Board in Tre- 
id, and the Commission des Phares in France. They sug- 
flted various improvements in the management of the 
jjits; and as regards the system of illumination, they state: 
•The Board recommend, " that the Fresnel or lens system, 
odified in special cases by the holophotal apparatus of Mr 
iomas Stevenson be adopted as the illuminating apparatus 
r the lights of the United States, to embrace all new 
,iits now or hereafter authorized, and all lights requiring 

be renovated, either by reason of deficient power or of 
leotiye apparatus." 
The distinctions adopted are as follows : — 

!• Fixed white; 2. Fixed red; 3. Flashing; 4. Short 

lipse or fixed light, varied by flashes ; 5. Fixed white with 

Ifiaslies; 6. Revolving. 

One result of the formation of this Board has been a 

iba,t increase in the number of lights, which now amount 

490. 

The classification given by the Americans to their lights 

aa follows : — 

!♦ Primary sea-coast lights (corresponding to our first- 
class lights) the number of which is, . . 58 

8* Secondary sea-coast lights, and lake-coast lights 
(corresponding to our second class lights and 
larger harbour lights), .... 85 

SL Light vessels (chiefly moored in the bays), . 49 

4w Soand, bay, river, and harbour lights (which are 
jftll of a character corresponding to our small- 
eat harbour lights), 298 

*-.- 

fei, \ 490 

K 
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The local management of this extensive range of lights 
is entrusted to 12 inspectors, who are appointed to the charge 
of the 12 districts into which the country is divided ; while 
the whole management is entrusted to the General Light- 
house Board of the United States. 



THE END. 
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WBALE'S 

RCDIMBSTARY, SCIENTmC, EDUCATrOMI., 
AND CLASSICAL SERIES, 

Engineers, ATChilcels, Buildera, Artisan*, and Students 
generally, as u:dl as to Uioae interested in Workmen's 
Libraries, Free Libraries, Literary and Scientific liuii- 
lulions, Colkges, Schools, Science Classes, tfc, itc. 

•a' THE ENTIRE SERIES IS FREELY ILLUSTRATED WHERE 

REQUISITE. 

{nil Ve/uitin tantained in this lUt ars htmnd in liinp ekllt, except 
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AGRICULTURE, 
66. OLAT LANDS ASD LOAM7 SOILS, b; J. Dooaldion. U. 
UO. BOILS, MAMDRES, AKD CEOPS. by E. Soott Burn. 2i. 

141. FARMING, AKD FAHMING ECONOMY. HiBtorical and 

Praotiial, by E. Scott Burn. 3ir. 

142. CATTLE, SHEEP, AND HOUSES, by E.a:ott Bum. 3j.6d, 
145. MANAGEMENT OP THE DAIRY— PIG 8— POULTRY, 

by B. 8cDtt Surn. With Notes od tbeDieeaBeg of Stock. 2i. 

14fi, TITII.ISATION OP TOWN SEWAGE— IRRIGATl OS- 
RECLAMATION OP WAHIE LAKD, by R. Sootl Bum. 
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oula. an. 6rf. [Now ready. 
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2 ABCHITECTURAL AND BUILDING WOBKS. 

ARCHITECTURE AND BUILDING. 

16. ASCHITECTUBE, Orders of, by W. H. Leedfl. It. Gef.) In 1 

17. — . Styles of, by T. Talbot Bury. U. ^.]u^ 

18. Principles of Design, by X. L. Qarbett 2i. 

Not. 16, 17, and 18 m 1 vo2. eUith boards^ 6«. M. 

22. BUILDING, the Art of, by E. Dobson. Is, 6i. 

23. BEICK AND TILE MAKING, by E. Dobson. 3t. 

26. MASONEY AND STONE-CUTTING, by E. Dobson. New 
Edition, with Appendix on the Preservation of Stone. 2«. 6^. 

80. DRAINAGE AND SEWAGE OF TOWNS AND BUILD- 
INGS, by G. D. Dempsey. 2». 
With No, 29 {See page 4), Drainage of Districts ami Lands, 8f . 

35. BLASTING AND QUARBYING OF STONE, &c., by Field- 

Marshal Sir J. F. Burgoyne. Is, 6d, 

36. DIOTIONAEY OF TECHNICAL TEEMS used hj Architects, 

Builders, Engineers, Snrv^ors, &c. New Edition, revised 
tiid enlarged by Eobert Hunt, F.G.S. [In preparation. 

42. COTTAGE BUILDING, by C. B. Allen. U. 

44. FOUNDATIONS & CONCEETE WOBJCS, by Dobson. Is. Qd. 

45. LIMES, CEMENTS, MOETAES, &o., by Burnell. Is, 6rf. 
57. WAEMING AND VENTILATION, by C.Tomlinson,F.E.S. 3s 
83**. DOOE LOCKS AND lEON SAFES, by Tomlinson. 2s. Qd. 
111. AECHES, PIEES, AND BUTTEESSES, by W. Bland. Is. 6rf. 
116. ACOUSTICS OF PUBLIC BUILDINGS, by T.E. Smith. ls.6d. 

123. CAEPENTEY AND JOINEEY, founded on Bobison and 

Tredgold. Is. Qd. 

123*. ILLUSTEATIVE PLATES to the preceding. 4to. 4s. 6d. 

124. EOOFS FOE PUBLIC AND PEIVATB BUILDING6, 

founded on Eobison, Price, and Tredgold. 1«. Qd. 
124*. PLATES OF EECENT lEON EOOFS. 4to. [Banting. 

127. AECHITECTUEAL MODELLING IN PAPEE, Practical 

Instructions, by T. A. Eiohardson, Architect. \s. 6<2. 

128. VITEUVIUS'S AECHITECIUEE, by J. GwUt, Plates. 5». 

130. GEECIAN AECHITECTUEE, Prindplet of Beauty in, by 
the Earl of Aberdeen. \s. 

Not. 128 and ISO m 1 vol. doth hoards. Is. 

132. EEBOTION OF DWELLING-HOUSES, with SoeoiiBoations, 

Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2s. 6d, 

150. QUANTITIES AND MEASUEEMENTS, by Beifton. Is. 6dL 
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G. K. Burnell. Ss. Gd. [Now ready, 
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ARITHMETIC AND MATHEMATICS. 

aZ. MATHEMATICII mSTRFMENTS, THEIE OONffCBtlO- 
TlOIf, USE, Ac., br J. F. Eeather. Origiud Edition in 

1 toI. 1«. 6i. 
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of Land, by A. Arman. 

TOMETRY, DESCRLPT 
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of iBometrical Projection' bj J. P. Healher. ' 

83. COMMEBOIAt BOOK-KEEPENG, bj Jsmes Haddon. I.. 

84. ARITHMETIC, with nQuiorouBEtaiDpl8ij.tiyJ.B.Young. U.Qd. 
W. KEY TO TBE ABOVE, by J. B. Young. 1.. 6d. 
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88. THE ELEMENTS OP EUCLLD, with Additional Propoaitjoiui, 
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91. PLANE TRIGONOMETRY, hv J. Haon. Is. 

93, SPHERICAL TRIGONOMETRY, by J. Hami. Ii. 
Nm. n tmdm'tl iml., 3i, 

93. MENSDRATION, by T. Bak™. i.. (W. 

94. MATHEMATICAL TABLES, LOQARITIIMg, withTablw of 

Natural ainoi, Coaines, andTangonta, by H. law, C.E. 2». 6d. 

101. DIPPEBENTI4L CALCULUS, by W. S. B. WooJhouae. I.. 
lOl*. WEIGHTa, MEASURES, AND MONEYS OP ALL 

NATIONS ; wilh the Principles wbieh detormlne tto Hate of 
Einhange, by W. 8. B. WoolhoQW. Is. Sd. 

102. INTEGRAL CALCULUS, RUDIMENTS, by H.Coi, BA li. 

103. INTEGRAL CALCULUS, KMmplet on, by J. Hann. U. 

104. DIFFERENTIAL CALCULUS, Eiaraplea, by J. Haddon. li. 
106. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 
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irr.- BDBTERBANEOUa SDRVEYTNG, AND THE MAG- 
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131. READY-BECKONEB FOR MILLERS, FARMERS, AND 
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with the Approximate Viuoes of Mill-etones & Mill Work. 1#. 

136. RUDIMBNTARY ARITHMETIC, by J. Haddon, edited by 

A. Arman. l^. 6^. 

137. KEY TO THE ABOVE, by A. Arman. U. Qd. 

147. STEPPING STONE TO ARITHMETIC, by A. Annan. U. 

148. KEY TO THE ABOVE, by A. Arman. Is. 

158. THE SLIDE RULE, AND HOW TO USB IT. With 
Slide Rule in a pocket of coYor. Ss, 

108. DRAWING AND MEASUBING ' INSTBUMBNTS. In- 
cluding — InBtrnments employed in G^metrical and Mecha- 
nical Drawing, the Construction, Copying, and Measurement 
of Maps, Plans, &c., by J. F. Hbatiieb, M.A. Is. 6d. 

[Now ready. 

169. OPTICAL INSTBUMENTS, more especially Tdesoopee, 

Microscopes, and Apparatus for producmg copies of Maps 
and Plans by Photography, by J. F. Heathsb, M.A. \s. 6d. 

[Now ready. 

170. SUBVEYING AND ASTBONOMICAL INSTBUMENTS. 

Including — Instruments Used for Determining the Geome- 
trical Features of a portion of Ground, and in Astronomicfd 
Obseryations, by J. F. Heather, M.A. Is. 6d. [Now ready. 
♦ <fc ♦ The above three volumes form an enlargement of the Author^ s 
original work, " Mathematical Instruments" the Tenth Editum 
of which (No. 32) is stiU on sale, price Is. 6d. 

PBACTICAL PLANE GEOMETBY : Givmg the Simplest 
Modes of Constructing Figures contained in one Plane, by 
J. F. Heathbb, M.A. 2s. [Just ready. 

PROJECTION, Orthomphic, Topographic, and PerspectiTe: 
*'i giying the yarious modes of Delineating Solid Forms by Con- 
structions on a Single Plane Surface, by J. F. Hbathsb, M.A. 

*»* The above two volumes^ with the Author's uork already in 
\ ^ the SerieSf *^ Descriptive Oeometry" will form a eompkte SU- 
mentary Course of Mathematiedl Drawing. 



CIVIL ENQINEERINQ, 

13. CIVTL ENGINEEBING, by H. Law and G. B. BanelL Fifth 
Edition, with Additions, be. 

29. DBAINAGB OF DISTBICTS AND LANDS, by G.D.DmpMy. 

1^. U. 

With No. 80 (JSee page 2), Drainage and Sewage of IbwHS, Zt. 

■ m ■ - -B rw-^^i I _ , , 

PUBLISHED BY LOCKWOOD A CO., 



WORKS IN FINE ARTS, ETC. 



/ 



,.M 



31. WELL-SINKING, BORING, AND PUMP WORK, by J. G. 

Swindell, reyised by G. R. Burnell. Is. 
43. TUBULAR AND IRON GIRDER BRIDGES, induding the 

Britannia and Conway Bridges, by G. D. Dempsey. Is. 6i?. 

46. ROAD-MAKING AND MAINTENANCE OF MACADA- 

MISED ROADS, by Field-Marshal Sir J.F.Burgoyne. Is. Qd 

47. LIGHTHOUSES, their Construction and Illumination, by Alan 

Steyenson. Ss. 
62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With 

Additions by E. Nugent, CJBS. 28. 6d. 
62». BAILWAy CAPITAL AND DIVIDENDS, with Statbtios of 

Working, by J}. D. Chattaway. 1«. 

No. 62 and 62* in 1 oo/., Zs, ed. 

80», EMBANKING LANDS FROM THE SEA, by J.Wiggins. 28. 
82»». GAS WORKS, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAL GAS, by S. Hughes. 3s. 
82»»*. WATER- WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by S. Hughes, C.E. Ss. 
lia CIVIL ENGINEERING OF NORTH AMERICA, by D. 

Stevenson. Ss. 

120. HYDRAULIC ENGINEERING, by G. R. BumeU. 3*. 

121. RIVERS AND TORRENTS, with the Method of Regulating 

{heir Course and Channels, Navigable Canals, &o., from the 
Italian of Paul Frisi. 2s. &d. 



EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

167. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2s. 

169. EMIGRANT'S GUIDE TO NEW SOUTH WALES 
WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird,B.A. 28.ed. 

IflO. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA- 
LAND, by James Baird, B.A. 28. [Iteady. f 



FINE ARTS. 

20. PERSPECTIVE, by George Pyne. 2s. 

27. PAINTING ; or, A GRAMMAR OF COLOURING, by G. 

Field. 28. 
40. GLASS STAINING, by Dr. M. A. G^ssert, with an Appendix 

on t^e Art of Enamel Painting, &o. \s, 
41* PAINTING ON GLASS, from the German of Fromberg. 1«. 
99. MUSIC, Treatise on, by C. C. Spencer. 2s. 
71. THE ART OF PLAYING THE PIANOFORTE, by C. 0. 

Spencer. Is. 

7, STATIONERS' HALL COURT. LUDGATE HILL. 




WORKS IN MECHANICS, ETC. 



LEGAL TREATISES. 

60. LAW OF OONTBAOTS FOB WORKS AND SEBTIOBS, 

hy David Gibbons. Is. 6rf. 

107. THE COUNTY COURT GUIDE, by a Barrirter. Is. 6<f. 
i08. METROPOLIS LOCAL MANAGEMENT ACTS. U. W. 
106*. METROPOLIS LOCAL MANAGEMENT AMENDMENT 

ACT, 1862; with Notes and Index. Is. 
Acs. 108 and 108* in 1 voL, 2s. M. 

109. NUISANCES REMOVAL AND DISEASES PREVENTION 

AMENDMENT ACT. Is. 

110. RECENT LEGISLATIVB ACTS applying to Contractors, 

Merchants, and Tradesmen. Is. 

151. THE LAW OF FRIENDLY, PROVIDENT, BUILDING, 
AND LOAN SOCIETIES, by N. White. Is. 

163. THE LAW OF PATENTS FOR INVENTIONS, by F. W. 
Campin, Barrister. 2s. 



MECHANICS & MECHANICAL ENGINEERINQ. 

• 6. MECHANICS, by Charles Tomlinson. Is. 6d. 

12. PNEUMATICS, by Charles Tomlinson. New Edition. Is. 6d. 

33. CRANES AND MACHINERY FOR RAISING HEAVY 

BODIES, the Art of Constructing, by J. Glynn. 1*. 

34. STEAM ENGINE, by Dr. Lardner. Is. 

59. STEAM BOILERS, their Constniction and Management, bj 
R. Armstrong. With Additions by R. Mallet. Is. 6d. 

63. AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE 
POWERS, FIELD MACHINES, MACHINERY AND 
IMPLEMENTS, by G. H. Andrews, C.E. 3s. 

67. CLOCKS, WATCHES, AND BELLS, by E. B. Denison. New 
Edition, with Appendix. Ss. 6d. 

Appendix {to the 4/A and 5<A Editions) mparcdety^ Ix. 

77*. ECONOMY OF FUEL, by T. S. Prideaux. \s. 6rf. 

78. STEAM AND LOCOMOTION, by Sewell. {Reprinting. 

78*. THE LOCOMOTIVE ENGINE, by G. D. Dempsey. \s. 6rf. 

79*. ILLUSTRATIONS TO ABOVE. 4to. As. U. {Reprinting. 

80. MARINE ENGINES, AND STEAM VESSELS, AND THE 
SCREW, by Robert Murray, C.E., Engineer Surreyor to the 
Board of Trade. With a Glossary of Technical Terms, and 
their equi yalen ts in French, German, and Spanish. 3«. 

82. WATER POWER, as applied to Mills, &o., by J. Glynn. 2s. 

97. STATICS AND DYNAMICS, by T.Baker. NewEdiHon. l#.6rf. 

98. MECHANISM AND MACHINE TOOLS, by T. Baker ; and 

TOOLS AND MACHINERY, by J. Nasmyth. 2». 6rf. 
113*. MEMOIR ON SWORDS, byMarey, translated by MaxweU. \s. 

PUBLISHED BY LOCKWOOD ^ CO^ 



NAVIGATION AND NAUTICAL WORKS. 



1 



114. MACHINERY, Conrtrucaon and Working, by CD. Abel. 1«.W. 

116. PLATES TO THE ABOVE. 4to. 7s. 6rf. 

126. COMBUSTION OF COAL, AND THE PREVENTION OP 
SMOKE, by C. Wye WilHams, M.I.C.B. 3*. 

139. STEAM ENGINE, Mathematical Theory of, by T.Baker. U. 

162. THE BRASSPOUNDER'S MANUAL, by W.Graham. 2s.M 

164. MODERN WORKSHOP PRACTICE. By J.G.Winton. Se. 

166. IRON AND HEAT, Exhibiting the Principles oonoemed in 
the Construction of Iron Beams, Pillars, and Bridge Girders, 
and the Action of Heat in the Smelting Furnaoe, by James 
Armour, C.E. Woodcuts. 2s. 6d. [Now ready, 

166. POWER IN MOTION: Horse Power, Motion, Toothed Wheel 

Gearing, Long and Sh(^ Driving Bands, Angular Fences, &c., 
by James Armoub, C.E. With 73 Diagrams. 2»Ad, \Now ready, 

167. A TREATISE ON THE CONSTRUCTION OF IRON 

BRIDGES, GIRDERS, ROOFS, AND OTHER STRUC- 
TURES, by F. Campin. Numerous Woodcuts. 2». \^eady, 

171. THE WORKMAN'S MANUAL OF ENGINEEBING 

DRAWING, by John Maxton, Instructor in En^neering 
Drawing, Royal School of Naval Architecture & Marine Engi- 
neering, Sooth Kensington. Plates & Diagrams. 3«. 6</. [Ready. 

172. MINING TOOLS. For the Use of Mine Managers, Agents, 

Mining Students, &c., by William Morgans, Lecturer on 
Mining, Bristol School of Mines. 12mo. 2«.6<f. \N<ivo ready, 

172*.ATLAS OF PLATES to the above, containing 200 Illustra- 
tions. 4to. 4j. 6</. \Noto ready. 

176. TBEATISE ON THE METALLURGY OF IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauermav, F.G.S., A.R.S.M. 
Second Edition, revised and enlarged. Woodcuts. 4«.6<i. {Ready, 
COAL AND COAL MINING, by W. W. Smyth. [Inpi-eparation. 



NAVIGATION AND SHIP-BUILDINQ. 

W. NAVAL ARCHITECTURE, by J. Peake. 3». 

J^. SHIPS FOR OCEAN AND RTVER SERVICE, Construction 

of, by Captain H. A. Sommerfeldt. 1«. 
fiaiw. ATLAS OF 16 PLATES TO THE ABOVE, Drawn for 

Practice. 4to. 7«. 6<i. [Reprintinj. 

M. HASTING, MAST-MAKING, and BIGGING OF SHIPS, 

bj R. Kipping. Is, Qd. 
6^. TBOJS SHIP-BUILDING, by J. GrantliMiu Fiftli Edition, 

wHh Supplement. 4t, 
H4l». ATLAS OF 40 PLATES to illustrate the preceding. 4to. 38^. 

7, STATIONERS' HALL X;OURT, LUBCMlTE HILL. 



8 SCIENTIFIC WORKS. 

55. NAYIGATION ; tiio Sailor's Sea Book : How to Keep the Log 
and Work it off, Law of Storms, &o., by J. Ghreenwood. 28. 

83 bis. SHIPS AND BOATS, Form of, by W. Bland. U. ed. 

99. NAUTICAL AOTEONOMY AND NAVIGATION, by J. K. 
Young. 28, 

100*. NAVIGATION TABLES, for Use with the above. U. W. 

106. SHIPS' ANCHORS for aU SERVICES, by G. OotselL U. 6rf. 

149. SAILS AND BAIL-MAKING, by R. Kipping. NA. 2». Sd. 

165. ENGINEER'S GUIDE TO THE ROYAL AND MER- 
CANTILE NAVIES, by a Practical Engineer. Bevised by 
D. F. McCarthy. 3s. 



T 



PHYSICAL AND CHEMICAL SCIENCE. 

1. CHEMISTRY, hj Prof. Fowne?, With Appendix on Agri- 
cultural Chemistry. New Edition, with Index. Is. 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. Is. 

3. GEOLOGY, by Major-Gen. Portlook, New Edition. U. 6d. 

4. MINERALOGY, by A. Ramsay, Jim. 38. 

7. ELECTRICITY, by Sir W. S. Harris. Is. Qd. 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTRICITY, 
by Sir W. S. Harris. Is. 6d. 

8. MAGNETISM, by Sir W. S. Harris. New Edition, revised and 

enlarged by H. M. Noad, Ph.D., F.R.S. With 165 woodonts. 

38. Gd. [This day. 

11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, by Robert Sabine, C.E., P.S.A. 38. 
72. RECENT AND FOSSIL SHELLS (A Mannal of the MoUnsca), 

by S. P. Woodward. With Appendix by Ralph Tate, P.G.S. 

6^. 6^. ; in cloth boards. Is. 6^. Appendix separately, U, 
79»*. PHOTOGRAPHY, the Stereoscope, Ac., from the French 

of D. Van Monokhoven, by W. H. liomthwaite. \s. 6rf. 
9G. ASTRONOMY, by the Rey. R. Main. New and Enlarged 

Edition, with an Appendix on " Spectrum Analysis." \s. ^. 

133. METALLURGY OF COPPER, by Dr. R. H. Lambom. 2s. 

134. METALLURGY OF SILVER AND LEAD, by Lamborn. 2s. 

135. ELECTRO -METALLURGY, by A. Watt. 2s. 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. New 

and enlarged Edition. Is. 6<f. 
143. EXPERiKDSNTAL ESSAYS— On the Motion of Camphor 

and Modem Theory of Dew, by 0. Tomlinson. 1*. 
161. QUESTIONS ON MAGNETISM, ELECTRICITY, AND 

PRACTICAL TELEGRAPHY, by W. McGwor. ^^If. W. 

173. PHYSICAL GEOLOGY (partly based on Port&A\l **ltudi- 

mont8ofG^eology"), by Ralph Tate, A.L.S., Ac. 2«. \Kow ready. 

174. HISTORICAL GEOLOGY (partly based on Portlock's^Radi- 

ments of Geology "), by Ralph Tate, A.L.S., &o. 2s. Qd. 

[Nowrsady. 

PUBLISHED BY LOCKWOOD 4 CO., 



ED0CATIOMAE WOBRS. 



MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDICIKE, bj Dr. Kalph Gooding, 2». 

112». THE MABAQEMENT OP HEALTH, by James Batrd. !». 

113. USE OF FIELD AIITILLERT ON 8EKVI0E. by Tanbert, 
translalcd by Llout.-Col- H. H. MaiweU. I». 6rf. 

150. LOGIC, PURE AND APPLIED, bv S. H, EmmeM. 1*. M. 

152. PRACTICAL HINTS FOE INVESTma MONET: with 
on Eiplanarion of the Mode of Transacting Busmeu on Uis 
Stock Eichange, by Francis Playtord, Sitorn Broker. Ic 

163. LOCKE ON THE CONDUCT OP THE HUMAN UNDER- 
STAND LNG, BeleclionB from, bj S. H. EmmenB, 2s. 



ITEW SEBIES OF EDUCATIONAL W0EE8. 



1. ENGLAND, Hiftorj of, bj_ W.D.Hamilton, 5j. ; cloth boarfB, 

6j. (Alfo in 5 parte, price Is. each.) 
5. QEEECE, Hiatorj of, by W. D, Hamilton and E. Lorien, M.A. 

2s. Gd. : cloth bonrda, 3a. Gd. 
7. HOME, History of, by E. Lerien. 2s. erf. ; cloth boards, 3». firf, 
9. CHRONOLOGY OP HISTrORT, ART, LITERATUBE, 
and Progress, from ihe Creation of the World to the Con- 
cluBion of the Franoo-Gernian War. The continuation by 
W. D. Hamilton, F.8.A, 3s. clotb limp ; 3s. erf.cioth boatds. 
[Xbtc reads. 
1 1. ENGLISH GRAMMAR, by Hyde Clarke, D.O.L. 1». 
1 1». HANDBOOK OP COMl-AKATIYE PHILOLOGY, by Hyde 
ClerkE. D.C.L. Ij. 

13, ENGLISH DIOTIONAHY, cnntaining above 100,000 waidj, 

by HjdB Clarke, D.C.L. 3s. firf. ; cloth boardi, 4s. 6f. 
■ ——.with Grammar. Cloth bd».5..erf. 

14, GREEK GRAMMAR, by H. C. Hamilton. Is, 

15, DICTIONAET, by H. R. Hamilton. Vol- I. Grcrk— 

Engliah, 2j, 

17. Vol. 2. English— Groek, 2., 

Complato in 1 toI. 4«, ; cloth boards, E». 

, with Grammar. Cloth boardp, tij, 

19. LATtN GRAMMAR, by T. Goodwin. M.A. 1.. 

20. DICTIONARY, by T, Goodwin, M.A. Vol. 1. laHr 

—English. 2t, 

23. — Vol. 2. English— Latin. U. Gd. 

— Complete in 1 Tol. Sx.Gd.; cloUi hoards, ii.G.:. 

, with Graimnar. Cloth bds.fw.erf. 

24. FRENCH GEAMMAB, by Q. L. Strauss. Is. 

7, STATIONERS' HALL COURT. LUDGATB HILL. 



10 EDUCATIONAL WOBKa 

25. FRENCH DICTIONAEY, by Elwes. Vol 1. Fr.— Eng. U. 

26. Vol.2. Skiglish— French. 1*. 6<t 

Complete in 1 toL 2«. Qd, ; cloth boards, 3s, Qd. 

'■ , with Qrammar. Cloth bds. 4«. 6^. 

27. ITALIAN GRAMMAR, by A. Elwes. 1*. 

28. TRIGLOT DICTIONARY, by A. Elwes. VoL 1. 

Italian — ^English — ^French. 2«. 

30. Vol. 2. English— French— Italian. 2i. 

32. ■ Vol. 3. French— Italian— English. 2». 

■ — Complete in 1 toI. Cloth bos^s, 7«. 6ct 

, with Grammar. Cloth bds. 8*. 6d. 

34. SPANISH GRAMMAR, by A. Elwes. U. 

36. ENGLISH AND ENGLISH— SPANISH Dia 

TIONARY, by A. Elwes. 4*. ; cloth boards, 6<. 
■, with Grammar. Cloth boards, 6». 

39. GERMAN GRAMMAR, by G. L. Strauss. I*. 

40. READER, from best Anthors. It. 

41. TRIGLOT DICTIONARY, by N.E.S. A. Hamilton. 

Vol. 1. English — German — ^French. Is, 

42. Vol. 2. German — French — ^English. Is, 

43. VoL 3. French — German— English. Is, . . 

Complete in 1 vol. Ss. ; clom boards, 4s. 

— , with Grammar. Cloth boards, 5s. 

44. HEBREW DICTIONARY, by Bresslan. Vol. 1. Heb.— Eng. 6». 
, with Grammar. 7». 

46. Vol. 2. English— Hebrew. 3*. 

Complete, with Grammar, in 2 vols. Cloth boards, 12i. 

46*. GfRAMMAR, by Dr. Bresslau. 1*. 

47. FRENCH AND ENGLISH PHRASE BOOK. U. 

48. COMPOSITION AND PUNCTUATION, by J. Brenan. Is. 

49. DERIVATIVE -SPELLING BOOK, by J. Rowbotham. U.ed. 

50. DATES AND EVENTS. A Tabular View of EngUsh History, 

with Tabular Geo(rraphy, by Ed^r H. Rand. [InFreparation. 

51. ART OF EXTEMPORE SPEAKING. Hints for the 

Pulpit, the Senate, and the Bar, by M. Baotain, Professor at 
the Sorbonne, &o. 28. Qd. [ITow ready. 

THE 

SCHOOL MANAGEBS' SEBIES OF BEABING BOOKS, 

Adapted to the Requirements of the New Code o/" 1871. 

Edited by the Rev. A. R. Grant, Rector of Hit<^uun, an ^. Honorary 
Canon of Ely ; formerly H.M. Inspector of Schools. 



8. d. 

First Standard 3 
Second „ 6 



8, d. i 8. d. 

FiifTH Standard 1 P 
Sixth „ 12 



Third Standard 8 
Fourth „ 10 

The following are in preparation : — 
Lessons from the Bible. Part 1. Old Testament. [Geography. 
Lessons from the Bible. Part 2. New Testament, and Scripture 

PUBLISHED BYLOCKWOOD A CO., 



EDUCATIOSAL AND CLASSICAL WORKS. 



LATIN AND OEEEE CLASSICS. 



LATIN SERIES. 

1. A NEW tiATIN DELECTUS, with Tocabulariei ind 

Bote*, by U. Youiig l*. 

2. C£SA£. DflBeUo Gallico; Notes bjH, ruling . , 2*. 

3. CORHELKIS KEPOa; Notoj bj II. Young ... It 

4. 7IE0IL. The Oeorgics, Bucolics, and Doubtful PoemB; 

Notes by W. Eualiton, W.A., and K. Youug . U, (id. 

B. VIRGlIi. Jinaid ; Notes by H. Yoirag . . . 2l. 

6. HORACE. Ode«,Epode8,BndCamiDQSeculare,bjH.rouDg 1». 

7. HOiiACE, Satires and EpiatloB, by W.B,Smitb,M.A. l!.6d. ' 
e. 8ALLUST. Catiline and Jugurthine War; Not« by 

W. M. Donno, B.A : . Lt. 6A 

9. lEBICNCE. Andria and HcaulontimoFiuneDOii Notea hj 

lbs ReT, J. DitTioB, MA 1.. 6A 

10. TERENCE. Adelphi, Hecyni, and Phortolo; Notes by 

tbe Ret. J. Daviee, M.A 2». 

11. IBBENCE. EunuchuB, by Bey. J. DaTin. M:.A. . ls.6d. 

Kas. 9, 10, imd 11 in 1 ID*. clatA hmrdc, 6>. 
!2. CICBEO. Oralio Pro Seiio RoBoio Amecino. Edited, 

with Notes, &c., hj J. DftTies, M_A. {Sina rWy.) . . Ifc 
14. CICERO. De Amicitia, de Scnectnte, and Srntnv; Notea 

by the Rev. W. B, Smith, MJ. 2t. 

16. Lmr. Books i., ii., by H. Young , . ; . U. M. 
16«, LTVY. BookB iii., ir., t., by H. Yonng , . . I». 6A 

17. LITY. Books Hi., ni!., by W. B. Smith, M.A. . 1». 6i. 

19. CATULLUS, TLBULLU8, OVID, and PEOPBETTOB. 

Selections from, by W. Eodham Donne . , . . 3t. 

20. SUETONIUS and tlia later Latin Writers, Selections from, 

hy W. Bodlxaui Donne 2*. 

21. THE SATIRES OF JTVENAL, by T. H. S. Escott, M.A., 

of n...-"'- C"'"~- Oiford ued. 

T, i ATI LL COURT, LDDGATE HILL. 



12 EDUCATIONAL AND CLASSICAL WORKS. 



GREEK SERIES. 

WITH BXPLANATOBY NOTES IN SN0LI8H. 



i. A NEW GBEEE: delectus, by H. Young . . It. 

2. XENOPHON. Anabasis, i. ii. iii., by H. Young . . U. 

3. XENOPHON. Anabasis, iy. v. vi. vii., by H. Young . U. 

4. LUCLAN. Seleot Dialogues, by H. Young . . , Is. 

5. HOMER. Hiad, i. to vi., by T. H. L. Leary, D.OX. U. ed, 

6. HOMER. Hiad, yii. to xii., by T. H. L. Leary, D.O.L. U. 6d. 

7. HOMER. Hiad, xiii. to xviii., by T.H. L. Leary, D.OX. U. 6d. 

8. HOMER. Iliad, xix. to rriy., by T. H. L. Leary, D.O.L. l*i 6rf. 

9. HOMER. Odyssey, i. to yi., by T. H. L. Leary, D.O.L. Is. 6rf. 

10. HOMER. Odyssey, Vii. to xii., by T. H. L. Leary, D.CX. Is. W. 

11. HOMER. Odys8ey,xiii.toxyiii.,byT.H.L.Leary,D.C.L.U6rf. 

12. HOMER. Odyssey, xix. to xxiy. ; and Hymns, by T. H. L. 

Leary, D.C.L 2j. 

13. PLATO. Apologia, Crito, and Phsdo, by J. Dayies, M.A. 2s. 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, D.CX. Is. 6d. 

15. HERODOTUS, Books iu. iy., by T. H. L. Leary, D.CX. Is. 6d. 

16. HERODOTUS, Books y.yi. yii., by T.H.L. Leary, D.OX. U.Qd. 

17. HERODOTUS, Books viii. ix., and Index, by T. H. L. 

Leary, D.CX ls,6d. 

18. SOPHOCLES. (Edipus Tyrannus, by H. Young . . Is. 
20. SOPHOCLES. Antigone, by J. Milner, B Ju ... 2*. 
23. EURIPIDES. Hecuba and Medea, by W. B. Smitb, M.A. It. 6<;. 
26. EURIPIDES. Aloestis, by J. Milner, B.A. . . .It. 
30. -«:SCHYLUS. Prometheus Vinctus, by J. Dayies, M. A. . It. 
32. JSSCHYLUS. Septem contra Theba^ by J. Dayies, M«A. It. 

40. ARISTOPHANES. Achamenses, by 0. S. D. Townshend, 

M.A Is.ed. 

41. THUCYDIDES. Peloponnesian War. Book i., by H. Young It. 

42. XENOPHON. Panegyric on Agesilaus, by LI. P. W,Jowitt It.Brf. 

LOCKWOOD A CO., 7, STATIONERS' HALL COURT. 
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ENGINEERING, SURVEYING, &c. 

1 

Humbers New Work on Water-Supply. 

' A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c. This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. [//i the press. 

*#* In accumulating informcUion for this volume^ the Author has 
been very liberally assisted by several professional friends^ who have 
. made this department of ettgineering their spa:ial study, lie has thus 
been in a position to prepare a work which^ within the limits of a 
single volume, will supply the reader with the most complete and 
reliable information upon all subjects , theoretical and practical, con- 
nected with water supply. Through the kindness of Messrs, Ander- 
* . son, Bateman, Hawksley, Homersham, Baldwin Latham, Lawson, 
Milne, Quick, Rawlinson, Simpson, and others, several works, con- 
structed and in course of construction, from the designs of these gentU- 
men, will be fully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

IN THE TEXT : — 

historical Sketch of the means that have been proposed and adopted for the Supply 

of Water. — ^Water and the Foreign Matter usually associated witn it. — Rainfall and 

Byaporation. — Springs and Subterranean Lakes. — Hydraulics. — ^The Selection of 

Sites for Waterworks. — ^Wells. — Reservoirs. — Filtration and Filter Beds. — ^Reservoir" 

and Filter Bed Appendages. — Pumps and Appendages. — Pumping Machinery.— 

^ Culverts and Conduits, Amieducts, Syphons, &c. — Distribution of Water. — ^Watcr 

. . Ifeteisand general House Fittings.-»Cost of Works for the Supply of Water. — Con- 

l I i|lBt and Intermittent Sui^ly. — Suggestions for preparing Plans, &c. &c., together 

[*| %tthrft Description of the numerous Works illustrated, viz : — Aberdeen, Bideford, 

^ ' piouth, Dublin, Glasgow, L^h Katrine, Liverpool, Manchester, Ro&erham, 

[Umd, and several others ; with copies of the Contract, Drawiqgs and Specifi- 

in each case. 
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Humbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, i&6|. Comprisi]^ Civil, Mechanical, Masine, Hydraulic, 
Raihray, Bridge, and other Engineering Works, ^. By William 
HuMBER, Assoc. InsL C.E., &c Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E.,. F.R.S., &c Price 3/. 3J. half morocco. 

List of the Plates. 

tUKtHB. AND DESCRIPTION. PLATES. NAME OP ENGINEER. 

Victoria Station and Roof— L. B.&S. C. RaiL i to 8 Mr. R. Jacomb Hood, C.E. 

Southport Pier 9 and 10 Mr. James Brunlees, C. £. 

Victoria Station and Roof— L. C. & D. & G. W. 

Railways iitoi5A Mr. John Fowler, CE. 

Roof of Cremome Mosle HaA, 16 Mr. Willlain Humber, C.E. 

Bridge over G. N. Raflwav 17 Mr. Joseph Cnbitt, C E. 

Roofof Stadott — Dutch Rhenish Railway . . 18 and 19 Mr. Euschedi, C.£. 

Bridge over the Thames— West London Ex- 
tension Railway 20 to 24 Mr. William Baker, C.E. 

Armour Plates 25 Mr. James Chalmers, C.E. 

Suspension Bridge, Thames 26 to 29 Mr. Peter W. Barlow, C. E. 

The Allen Engine 30 Mr. G. T. Pbrter, M.E. 

Suspension Bndge, Avon 31 to 33 Mr. John Hawkshaw, C. E. 

and W. R Barlow, C.E. 

Underground Railway 34 to 36 Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications, &c. 



" Handsomely lithographed and jvinted. It will find favour with many m^ desire 
to preserve in a permanent form cofues of the plans and specificatitMis prepared for the 
guidance of the contractors for many important engineering worksb" — Engituer. 

Humbef^s Modern Engineering, Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &C. Price 3/. jj. half morocco. 

List of the Plates. 

NAME AND DESCRIPTION. PLATES. NAMB OF BMGINEKR. 

Birkenhead Docks, Low Water Basin i to 15 Mr. G. F. Lyster, C. El. 

Charing Cross Station Roof — C. C. Railway. z6 to 18 Mr. HawksHaw, C. E. 

Dieswell Viaduct— Great Northern Railway. 19 Mr. J. Cufaitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, CE. 

Iron Permanent Way 20a — — 

Clydach Viaduct — Merthyr, Tredegar, and ' 

Abergavenny Railway 21 Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, C.E. 

College Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

DubUn Winter Palace Roof 24 to 26 Messrs. Ordish& Le Feuvrc. 

Bridge over the Thames— L. C. & D. Railw. 27 to 32 Mh J. Cubitt, C.E. 

Albert Harbour, Greenock 33 to 36 Messrs. Bdl & Miller. 

With copious Descriptive Letterpress, Specifications, &c 



" A resumi of all the more interesting and important works lately oonmleted in Great 
Britain ; and containing, as it doe% carefully executed drawings, with full workmg 
details, will be found a valuaUe accessory to the profession at )ax^.**'^Engi>utr. 

" Mr. Humber has done the profession good and true servkre, by the fine collection 
of examples he has here brought before the profession and the pnblic." — Praciical 
Mechanic's youmal. 
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Humberts Modern Engineering, Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER-. 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photographic Portrait ofT. R. M 'Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. 3J. half 
morocco. 

List of Plates and Diagrams, 



'MAIN DRAINAGE, METROPOLIS. 

' North Side. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 

l^ent's Canal. 
Middle Lev^J^ewer. Junction with Fleet 

Ditch. 

Bridge over River Lea. 



Out&ll Sewer. 

Elevation. 
Outfall Sswer. 

Details. 
Outfall Sewer. 

Details. 
OutfaJl Sewer, 



Bridge over River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS, 
continued — 



Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 
Sections of Sewers 

Sides). 



Reservoir and Outlet 



Reservoir and Outlet. 

Reeervoir and Ottdet. 

Filth Hoist. . 

(North and South 



Bridge over Marsh Lane, 

North Woolwich Railway, and Bow and 

Barking Railway Junction. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. 
OixtfaU Sewer. Bridge over East London 

Waterworks' Feeder. Details. 
Outfall Sewer. Reservoir. Plan. 
Outfell Sewer. Reservoir. Section. 
Out&ll Sewer. Tumbling Bay and Outlet 
Outfall Sewer. Penstock. 

m 

South Side. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sew€r. Bermondsey Branch. 
Outfall Sewer. Reservoir and Outlet. 
Plan. 



THAMES EMBANKMENT. 

Section of River Wall. 

Steam-boat Pier, Westminster. Elevation. 

Steam-boat Pier, Westminster. Details. 

Landing Stairs between Charing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Detuls. 

Overflow and Outlet at Savoy Street Sewer. 
Details. 

Overflow and Oudet at Savoy Street Sewer. 
Penstock. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. - 

Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Watcrioo Bridge. De- 
tails. 

Junction of Sewers. Plans and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 
I Granite and Iron Forts. 



With copious Descriptive Letterpress, Specifications, &c. 



Opinions of the Press, 

" Mr. number's works— especially his annual * Record,' with which so many of our 
xeados are now familiar — fill a void occupied by no other branch of literature. . . . 
Tlite drawings have a constantiy increasing value, and whoever desires to p(^esft.cl«ar 
representations of the two great works carried out by our Mctropohtan Board wjil 
oteun Mr. number's last \Oinm^.**— Engineering. 

•* No engineer, architect, or contractor should fail to preserve the«e records of works 
wfaidi» for magnitude, have not their parallel in the present dav, no student in the 
profession but should carefully study the details of these great works, which he may be 
one day called upon to imitate." — Mechanic^ Magazine. 

" A' woric highly creditable to the industry of its author. . . . The volume is quite 
•n oMyclopaedia for the study of the student who desires to master the sulnect of 
miinfeipal drainage en its saale of greatest development"— li'^T^rfia^ M^tmamc's 
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Humberts Modern Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3J. half-morocco. 

List of the Plates and Dia^ams. 

NAME AND DESCRIPTION. PLATES. NAME OF ENGINEER. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis i to 4 Mr. Bazaleette, C.E. 

Barrow Docks 5 to 9 Messrs. MH^ean & Stillman, 

Mancjuis Viaduct, Santiago and Valparaiso [C.£. 

Railway 10, ii Mr. W. Loyd, CE. 

Adams' Locomotive, St Helen's Canal Railw. 12, 13 Mr. H. Cress, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to 16 Mr. J. Hawkshaw, CE. 

Road Bridge over the River Moka 17,18 Mr. H. Wakefield, CE. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens. CE. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barloiw, CE. 

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Brund, CE. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, CE. 

Millwall Docks 26 to 31 Messrs. J. Fowler, C.E., and 

William Wilson, CE. 

Milroy's Patent Excavator 32 Mr. Milroy, CE. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in - 

Chief, and Mr. T. M. 
Johnson, C.E. 

Harbours, Ports, and Breakwaters a to c 

The Letterpress comprises — 

A concluding article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of worldng it ; full description of the 
Millwall Docks ; &c., &c., &c. 



Opinions of the Press, 

" Mr. number's * Record of Modem Engineering' is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construcdoo. 
It embodies a vast amount of practical information in the form of full descriptioiis and 
working drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithographed, and the present volume of the * Record' is not a 
whit behind its predecessors." — Mechanic^ Magazine. 

" We gladly welcome another year's issue of this valuable publication from the able 
pen of Mr. Humber. The accuracy and general excellence of this woiic are wdl 
known, while its usefulness in giving the measurements and details of vxait of the 
latest examples of engineering, as carried out by the most eminent men in the profes- 
sion, cannot be too highly prized." — Ariizan. 

" The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering library." — Mining 
yaumal. 

" No one of Mr. number's volumes was bad ; all trere worth their coit, firom the 
mass of plates from well-executed drawings which they contained. In this respect, 
perhaps, this last volume is the most valuable that the author has produced. "--/Vwc- 
iicat MecAanics' yaumai. 
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Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — ^Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C. E., and M. Inst. 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. i6j. 6d, half- 
bound in morocco. \RectMtly published. 



*( 



A very valuable contribution to the standard iiterature of civil engineerinc. In 
addition to elevations, plans, and sections, large scale details are given, whicn verv 
much enhance the instructive worth of these ulustrations. No engineer would wil- 
lingly be without so valuable a fund of information. " — Civil Engineer and A rckitecfs 
journal. 

_ " The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction, lliese 
investigations are exceedingly complete, having evidently been very carefully con- 
sidered and worked out to the utmost extent that can be desired by the practical man. 
The ^bles are of a very useful character, containing the results of the most recent 
jsxperiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illys- 
traled by numerous woodcuts, plates, and diagrams : and the plates in the second' 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasiure in cordially recommending this work to our readers." — Artizan, 

" Mr. Humber's stately volumes lately issued — in which the most important bridges 
efected during the last five years, under the direction of the late Mr. BnmeU Sir W. 
i^faitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among oiu- 
most eminent engineers, are drawn and specified in great detail" — Engineer. 

* 

Weale's Engineers Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (LoCKWOOD & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price 6s. 

^ *' A vast amount of really valuable matter condensed into the small dimen- 
sions of a bqpk which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it will prove a handv book of reference on a variety of subjects more 
er less intimately connected with their profession. It might also be placed with 
ailvantage in the hands of the subordinate officers in collieries." — Colliery Guardian. 

** The assignment of the late Mr. Weale's * Engineer's Pocket-Book* to Messrs. 
Lockwood & Co. has by no means lowered the standard value of the work. It is too 
wdl known among those for whom it is specially intended, to need more from us than 
the observation that this continuation of Mr. Weale's series of Pocket Books well 
Mttains the reputation the work has so long enjoyed. Every branch of engineering 
' is treated of, and facts, figures, and data of every kind AhoxoiA.'*— Mechanics* Mag. 

" It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectura 
lions generally." — Mining Journal. 



Iran Bridges^ Girders^ Roofs y &c. 

THE APPLICATION OF IRON TO THE CONSTRUC- 
TION OF BRIDGES, GIRDERS, ROOFS, and other Works. 
By Francis Camfin, C.E. With numerous lUustrations. ismo, 
doth boards, 3^. [Just ptMshsd, 



£?.:■ 
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Barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and gradients. By Peter Barlow,. F.R.S., Mem. Inst, of France ; 
of the Imp. and Royal Academies of St. Petersburgh and Brussels ; 
of the Amer. Soc. Arts ; and Hon. Mem. Inst. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst. C.E., and W. H. Barlow, 
F.R.S., Mem. of Council Inst. C.E., to which' are added a Sum- 
mary of Experiments by Eaton Hodgkinson, F.R.S., William 
Fairbairn, F.R.S., and David Kirkaldy ; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Robert Willis, M.A, F.R.S. And 
Formulae for Calculating Girders, &c. The whole arranged and 
edited by William Humber, Assoc. Inst. C.E., and Mem. Inst. 
M.E., Authoi^of ** A Complete and Practical Treatise on Cast and 
Wrought-Iron Bridge Construction," &c. &c. Demy 8vo, 400 pp., 
with 19 large Plates, and numerous woodcuts, price i&f. cloth. 

Opinions of the Press. 

** This edition has undergone considerable improvement, and has been brought down 
to the present date. It is one of the first books of reference in existence." — Artisan. 

" Although issued as the sixth edition, the volume under consideration is worthy of 
being regarded, for all practical purposes, as an entirely new work . . . the book 
is undoubtedly worthy of the highest commendation, and of an honourable place in 
the library of every engineer." — Mining youmal, 

"An increased value has been given to this very valuable work by the addition of 
a large amoimt of information, which cannot prove otherwise than highly useful to 

those who require to consult it The arrangement and editmg of this 

mass of information has been undertaken by Mr. Humber, who has most ably fulfilled 
a task requiring special care and ability to render it a success, which this edition most 
certainly is. He has g^ven the finishing touch to the volume by introducing into ii 
an interesting memoir of Professor Barlow, which tribute of respect, we are sure, will 
be appreciated by the members of the engineering profession.'' — Mechanics* Magazine, 

"A book which no engineer of any kind can afford to be without. In its present 
form its former value is much increased." — Colliery Guardian. 

" The best book on the subject which has yet appeared. .... We know of 
no work that so completely fulfils its mission. .... As a scientific work of the 
first class, it deserves a foremost place on the bookshelves of every civil engineer and 
practical mechanic." — English Mechanic. 

*' There is not a pupil in an engineering school, an apprentice in an engineer's or 
architect's office, or a competent clerk of works, who will not recoznise in the .scientific 
volume newly given to circulation, an old and valued friend. . . So far as the strength 
of timber is concerned, there is no greater authority than Barlow." — Building News. 

"It is scarcely necessary for us to make any comment upon the first portion of 

the new volume Valuable alike to the student, tyro, and experienced 

practitioner, it will always rank in future, as it has hitherto done, as the standard 
treatise upon this particular subject." — Engineer. 

" The present edition offers some important advantages over previous one^ The 
additions are both extensive and valuable, comprising experiments by Hodgkinson on 
the strcHRth of cast-iron ; extracts from papers on the transverse strength of Inrams by 
W. H. Barlow ; an article on the strength of columns ; experiments by Fairbairn, on 
iron and steel plates, on the behaviour of girders subjected to the vibration of a 
changing load, and on various cast and wrought-iron b<ams ; experimentsby Kirkaldy. 
on wrought-iron and steel bars^ and a short appendix of formulae for reat'y application 
in computing the strains on bndges." — Engineering. 
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Strains, FormulcB & Diagrams for Calculation of. 

. A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c By William 
HuMBER, Assoc. Inst C.E., &c Fcap. 8vo, with nearly loo 
Woodcuts and 3 Plates, price 7^. 6d. clothl 
''The arrangement of the matter in this little volume is as convenienl: as it well 

could be The system of employing diagrams as a substitute for complex 

computations is one justly coming into great favour, and in that respect Mr. Htunoer's 
volume is fully up to the times." — Engineering. 

" The formulae are neatly expressed, and the diagrams good." — Athenamm. 
"That a necessity existed for the book is evident, we mink ; that Mr. 'Humber has 

achieved his design is equally evident We heartily commend the really handy 

book to our engineer and architect readers." — English Mechanic. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Shbilds, 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5^. cloth. 

Contents. — Introductory Remarks ; Beams Loaded at Centre; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracing Loaded at centre : Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers; Continuous Girders; Lattice Girders; Girders widi Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron R00&. 

Construction of Iron BeamSy Pillars j &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and 3ndge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.E. Woodcuts, i2mo, cloth boards, 3^. 6d. ; cloth limp, 2s. 6d. 

[yust published. 
** A very useful and thorou^ly practical little volume, in every way deserving of 
circulation amongst working men." — Mining journal. 

*' No ironworker who wishes to acquaint himself with the principles of his own 
trade can afford to be without it." — South Durham Mercury^ April 22nd, 1871. 

. Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands^ Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams. i2mo, doth 
boards, 3J-. dd,; cloth limp, zs. 6d. YJmt published. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems ui Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Major-General Frome, R.E., Inspector- 
General of Fortifications, &c. Third Edition," revised and improved. 
With 10 Plates and 113 Woodcuts. Royal 8vo, I2J. cloth. 
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Hydraulics, 




HYDRAULIC TABLES, CO-EFFICIENTS, and FORMUL^li 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I.A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and 'Mill Power. With nume- 
rous Woodcuts, 8vo, i6j. cloth. 

*»* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
ibr finding the mean velocity of discharge from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers; with experimental 
results and co-efficients ; effects of friction ; of the velocity ot 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels ; catchment-basins ; hydrostatic and hydraulic pressure ; 
water-power, &c. &c. 



Levelling, 



A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Traut wine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. dd, cloth. %* Trautwine on Curves, separate, price 5^. 

"One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the yo\yxm!t.**— Mining youmal. 

"The text-book on levelling in most of our engineering schools and colleges." — 
Engifuer. 

"The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simms's useful work.** 
— Engineering. 

Tunnelling, 

PRACTICAL TUNNELLING ; explaining in DetaU the Setting 
out of the Works ; Shaft Sinking and Headmg Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub-Excavating, Timber- 
ing, and the construction of the Brickwork of Timnels ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. Inst. C.E., Author of **A Treatise on the Principles ancl 
Pmctice of Levelling," &c. &c. Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of "The Engineer's 
Field-Book," &c. &c. With 16 large folding Plates and numerous 
Woodcuts. Imperial 8vo, i/. is, cloth. 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engmeers, 
Iron-Masters, Millwrights, Architects, Founders, Smit£, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practical Rules, Tables, and Examples, founded on a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. Inst. 
C.E., Author of ** Elementary Principles of Carpentry," ** History 
of the Steam-Engine," &c. Fifth Edition, much improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole Illustrated with 9 Engravings and Qume* 
rous Woodcuts. 8vo, 12s, cloth. 

*»* Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6s, cloth. 

TAe High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. C.E., &c. &c. With 28 fine Plates, 
8vo, idr. dd. cloth. 

'A work like this, which goes thoroughljr into the examination of the high-pressure 
^vagine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
• m every scientific library." — Steam Shipping Chronicle, 

Tables of Curves, 

'" * TABLES OF TANGENTIAL ANGLES and MULTIPLES 
j^ for setting out Curves from 5 to 200 Radius. By Alexander 
.'^ . Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price 3^. (id, 

** Each table is printed on a small card, which, being placed on the theodolite, leaves 
^e hands free to manipulate the instrument — no small advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for th& 
pocket — an arrangement that will recommend tnem to all practical men/' — Engineer. 

"^ ** Very handy : a man may know that all his day's work must fall on two of these 
casfiSm which he puts into his own card-case, and leaves the rest \xSiahid.**—AthenteHm. 
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Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautwine, C.E., 
of the United States (extracted from SiMMS*s Work on Levelling). 
8vo, 5j. sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c &a &c. 
With Specifications for Permanent Way, Tel^raph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c., required in the execution of Public 
Works. By W. Davis Haskoll, C.E. Plates and numerous 
Woodcuts. Published annually. Demy 8vo, doth, dr. 

As furnishing a variety of data on crery conceivable want to civil eng^ineers and 
contractors, this book has ever stood perhaps unrivalled."— y4w>l*/^c/, Jan. ax, 1871. 

" The care with which the particulars are arran^d reflects credit npon the autlior, 
each subject being divided into tables luider theur own special heads, so that no 
difficulty arises in finding the exact thin^ one wants, llie value of the woric to the 
student and the experienced contractor is inestimable." — Mechanii^s Ma^., Feb. 3. 

"Mr. Haskoll has bestowed very great care upon the preparation of his estimates 
and prices, and the work is one which appears to us to be in every way deserving of 
confidence." — Builder^s Weekly Reporter ^ Jan. 27, 1871. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Prepfiration of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; A^dth Description 
and Use of Surveying Instniments. By W. Davis Haskoll, C. E. , 
Author of ** The Engineer's Field Book," " Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price I2J. (xi. cloth, 
with 14 folding Plates, and numerous Woodcuts. 

" ' Land and Marine Surveying' is a most useful and well arranged book for the 

aid of a student We can strongly recommend it as a carefully-written 

and valuable text-book." — Builder^ July i4t 1868. 

" He only who is master of his subject can present it in such a way as to m^e it 
intelligible to the meanest capacity. It is in this that Mr. Haskdll excels. He has 
knowledge and experience, and can so give expression to it as to make any matter on 

which he writes, clear to the youngest pupil m a surveyor's office The 

work will be found a useful one to men of experience, for there are few such who will 
not get some good ideas from it ; but it is indispensable to the young practitioner.'* — 
Colliery Guardian^ May 9, 1868. 

" A volume which cannot fail to prove of the utmost practical utility. .... It 
is one which may be safely recommended to all students who aspire to become clean 
and expert surveyors ; and from the exhaustive manner in which Mr. Haskoll has 
placed his long experience at the disposal of his readers, there will henceforth be no 
excuse for the complaint that young practitioners are at a disadvantage, dirough the 
neglect of their seniors to point out tne importance of minute details, since they can 
readily supply the deficiency by the study of the voluQte now under consideraUon."— 
Mining Jouftialy May 5, 1868. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2 
vols, in one, cloth boards, i/. \s. (published at 2/. \s.\ 
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FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Manual and Steam Fire-Engines, their Construc- 
tion, Use, and Management ; Remarks on Fire- Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fire 
Appliances in English Towns ; Foreign Fire Systems ; Hints for 
the formation of, and Rules for. Fire Brigades ; and an Account of 
American Steam Fire-Engines. By Charles F. T. Young, C.E., 
Author of "The Economy of Steam Power on Common Roads, 
&c. With numerous Illustrations, Diagrams, &c., handsomely 
printed, 544 pp., demy 8vo, price i/. 41. cloth. 

" A large well-filled and useful book upon a subject which possesses a wide and 

increasing public interest To such of our readers as are interested in the 

subject offires and fire apparatus we can most heartily commend this book 

It IS really the only English work we now have upon the subject.** — Engineering. 

" Great credit is unquestionably due to Mr. Yoimg for having brought before the 
public the results of his exploration in this hitherto untrodden held. We strongly 
reoMnmend the book to the notice of all who are in any way interested in fires, fire- 
engines, or fire-brigades." — Mechanics^ Magazine. 

I 

Mantuil of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. i2mo, 3^. 6^. With 
an Atlas of Plates, containing 235 Illustrations. 4to, ds. {^Ready. 

** We cordially commend these pages to the working miners and artisans, whose 

best interest Mr. Morgan's work is in every respect calculated to promote 

He has beyond all question made a very substantial and much needed contribution to 
the Art literature of an important branch of English industry.'* — Mechanics* Maga- 
Mtne, Oct. 28th, 1 87 1. 

*' Students in the Science of Mining, and not only they, but subordinate officials in 
mines, and even Overmen, Captains, Managers, and Viewers may gain practical 
knowledge and useful hints by the study of Mrl Morgan's Manu^." — Colliery 
Guardian, Sept. 8th, 1871. 

** A very valuable work, which it is not unreasonable to suppose, if it be generally 
taken up, will tend materially to improve our mining literature." — Mining youmalf 
Sept. 9U1, 1871. 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 25, 6d. cloth. 

** As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth-^ 
work will nnd a great amount of practical Information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices.'' — Artizan. 

** The object of this little book is an Investigation of all the principles requisite for 
tiie measurement and calculation of earthworks, and a consideration of the data neces- 
suy for such operations. The author has evidently bestowed much care in effecting 
*i>k object, and points out with much clearness die results of his own obeervationsy 
derived from practical experience. The subjects treated of are accompanied by wd* 
executed diagrams and Instructive examples. ' — Army and Navy GasetU, 
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Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Engineer. Second Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 8o feet deep cal- 
cul^ed for every 6 inches in depth. With numerous wood- cuts, 
i2mo, price \2^. cloth. 

"A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field^ operations will estimate the importance of such a work 
and the amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume.'*— JPaiV- 
•way News. 

** The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same." — Athenetum. 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering ycoitssiotu— Mining 
youmal. 

" We know of no better field-book of reference or collection of tables than that 
Mr. HaskoU has given." — Artizan. 

** A series of tables likely to be very useful to many civil €af^netrs."-—BuUdingNews. 

"A very useful book of tables for expediting field-work operations. . . . The present 
edition has been much enlarged." — Mechanics Magazine. 

" Wfe strongly recommend this second edition of Mr. Haskoll's * Field Book* to all 
classes of surveyors." — Colliery Guardian. 

Railway Engineering. 

THE PRACTICAL RAILWAY ENGINEER. A concise 
Description of the Engineering and Mechanical Operations and 
Structures which are combined in the Formation of Railways for 
Public Traffic ; embracing an Account of the Principal Works exe- 
cuted in the Construction of Railways ; with Facts, Figures, and 
Data, intended to assist the Civil Engineer in designing and executing 
the important details required. By G. Drysdale Dempsey, C.E. 
Fourth Edition, revised and greatly extended. With 71 double 
quarto Plates, 72 Wopdcuts, and Portrait of GEORGE Stephenson. 
One large voL 4to, 2/. \zs, (xl, cloth. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.I. C.E. Reprinted and en- 
larged from the Article **Harbours," in the Eighth Edition of ** The 
Encyclopaedia Britannica." With 10 Plates and numerous Cuts. 
8vo, lor. (>d. cloth. 



WORKS PUBLISHED BY LOCKWOOD & CO. 13 

- — - — — - - - 1 - ■ - __ _■ 

Bridge Construction in Masonry y Timber ^ and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W, Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. I2J. 6</. 
half-morocco. 

** One of the very few works extant descending to the level of ordinary routine, and 
treating on the common cvery-day practice of the railway engineer. ... A work of 
the present nature by a man of Mr. Haskoll's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engineering. 

" We must express our cordial approbation of the work just issued by Mr. Haskoll. 
.... Besides examples of the best and most economical forms of bridge construction, 
the author has compiled a series of estimates which cannot fail to be of service to the 
practical man. . . . The examples of bridges aie selected from those of the most notable 
construction on the different fines of the kingdom, and their details may consequently 
be safely followed." — Railway News. 

" A verv valuable volume, and may be added usefully to the library of every young 
engineer. —Builder. 

** An excellent selection of examples, very carefully di'awn to useful scales of pro« 
portion. " — A rtizMn. 

Mathematical and Drawing Instruments, 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 

\ Architect, and Surveyor. By Frederick W. Simms, F.G.S., M. 
Vfnst. C.E., Author of "Practical Tunnelling," &c. &c Third 

"'^Edition, with a Description of the Theodolite, together with Instruc- 
Tions in Field Work, compiled for the use of Students on commenc- 
ing practice. With numerous Cuts. i2mo, price 3J. dd, cloth. 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price Sj-. cloth. 

*»* The small remaining stock of this work, which has been un* 
obtainable for some time^ has just been purchased by LoCKWOOD & Co. 

Oblique Bridges, 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.K Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, \2s, cloth. 

" The standard text-book for all engineers regarding skew arches, is Mr. Buck,'s 
treatise, and it would be impossible to consult a better." — Engineer. 

. ^ A -tcry complete treatise on the subject, re-edited by Mr. Barlow, who has added 
to U a method of making the requisite calculations without the use of trigonometrical 
fcxmaht."— Builder. 
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Weale^s Series of Rudimentary Works, 

These highly popular and cheap Series of Books, now comprising 
nearly Three Hundred distinct Works in almost every department of 
Science, Art, and Bdncation, are recommended to the notice of En- 
gineers, Architects, Builders, Artizans, and Students generally, as well 
as to those interested in Workmen's Iiibraries, Free libraries, liiterary 
and Scientific Institutions, Colleges, Schools, Science Glasses, fto., Ac. 

Ijists of the several Series may be had on application to ZiOOKWOOD 
& CO. 

The following is a Selection of the Works on CivU Engineerings crv. — 

r- STEAM ENGINE. By Dr. Lardneb. m. 

TUBULAR AND IRON GIRDER BRIDGES, including the Britannia and 
Conway Bridges. By G. D. Dempsey. if. dd. 

STEAM BOILERS, their Construction and Management. By R. ARMSTRO^'G. 
With Additions, xs. 6d. 

RAILWAY CONSTRUCTION. By Sir M. Stephenson. AVw Edition, m. 6d. 

. STEAM ENGINE, Mathematical Theory of. By T.Baker, is. 

' ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a Practical Engineer. Revised by D. F. McCarthy. 3*. 

LIGHTHOUSES, their Construction and Illumination. By Alan Stevenson. 3;. 

/CRANES AND MACHINERY FOR RAISING HEAVY BODIES, the Art of 

-it. Constructing. By J. Glynn, is. 

/' CIVIL ENGINEERING. By H. Law and G. R. Burnell. New Edition, 5*. 
/ DRAINING DISTRICTS AND LANDS. By G. D. Dempsey. xsM. \ The 
DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By f avols. in i, 
G. D. Dempsey. 2j. -> 3*- 

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swindell ; 
Revised by G. R. Burnell. ij. 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS. 
By Gen. Sir J. Burgoyne. \s. 6d. ' 

AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE POWERS, 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H. 
Andrews, C.E. y. 

ECONOMY OF FUEL. By T. S. Prideaux. is. 6d. 

' EMBANKING LANDS FROM THE SEA. By J. Wiggins, m. 

WATER POWER, as applied to Mills, &c By J. Glynn, m. 

GAS WORKS, AND THE PRACTICE OF MANUFACTURING AND 
DISTRIBUTING COAL GAS. By S. Hughes, C.E. 3J. 

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. By S. 
Hughes, C.E. y. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATION 
OF THE NEEDLE. By T. Fenwick, with Additions by T. Baker, zs. 6d. 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Stevenson. 3*. 

HYDRAULIC ENGINEERING. By G. R. Burnell. y. 

• RIVERS AND TORRENTS, with the Method of Regulating their Course and 
Channels, Navigable Canals, &c., from the Italian of Pa^/l Frisi. 21. 6d. 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By 
C. Wye Williams, M.I.CE. 3*. 

WATER POWER, as applied to Mills, &c. By J. Glynn, ax. 

MARINE ENGINES and STEAM VESSELS and the SCREW. By Robbrt 
Murray, C.E. Fifth Edition. 3*. 
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ARCHITECTURE, &c. 

1 ' 

Construction. 

THE SCIENCE of BUILDING : an Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A., 

Architect. Illustrated with 47 Wood Engravings. Demy 8vo, 

price %s. 6d. cloth. [Recently published, 

*' A very valuable book, which we strongly recoimnend to all $XaAtSk\&r^Butl€Ur. 

** While Mr. Tarn's valtiable little volume is quite sufficiently scientific to answer 

the purposes intended, it is written in a style that will deservedly make it popular. 

The dia^^ms are numerous and exceedingly well executed, and the treatise does 

credit alike to the author and the publisher. '~i?«^«*^ Feb. 17, 1871. 

" No architectural student sh(mld be without this hand-bocJc of constructioBal 
knowledge." — A rchitect. 

** The book is very far from being a msxe compilation ; it is an able digest of 
information which is only to be found scattered through various works, and contains 
more really original writing than many putting forth far stronger claims to originality." 
—"Engineerif^. 

Beaton s Pocket Estimator, 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially appHed to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.' 33 Woodcuts. Leather, waistcoat-pocket size. 2j. 

Beaton s Builders^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS : containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. By A. C. Beaton, Author of * Quantities and Measure- 
ments.' With 19 Woodcuts. Leather. Waistcoat pocket size. 

yNearly ready. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. WiCKfes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
England," &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i vol., 4to, price 2.1. \os. half 
morocco. Either Series separate, price i/. 7j. each, half morocco. 
** The whole of the designs bear evidence of their being the work of an artistic 

' architect, and they will prove very valuable and suggestive to architects, students, and 

amateurs." — Buiiding Nnos. 

• The Architect's Guide. 

THE ARCHITECT'S GUIDE ; or. Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clerks of Works, &c. By W. DAVIS 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, i2mo, cloth, price 3j. dd. 
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Vitruviud Architecture. * 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp, price ^s. 

The Young Architect's Book, 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect, Author of ** The Palace of Architecture," &c. &c. 
Second Editiou, With numerous Woodcuts. 8yo, 7j., extra doth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, *js, 6d.j boards. 

Contents. — I. Practical Rules on Drawing — Outlines. II. Ditto— the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c. 

Drawing for Engineers y &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. With upwards of 300 Plates and 
Diagrams. i2mo, cloth, strongly bound, 41. 6d, [Now ready. 

Cottages^ Villas, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price i/. u., cloth. 

WeaUs Builders and Contractor's Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 
(Lock wood & Co.'s, formerly Weale's). Published Annually. 
Containing Prices for Work in all branches of the Building Trade, 
with Items numbered for easy reference, and an Appendix of 
Tables, Notes, and Memoranda, arranged to afford detailed infor- 
mation, commonly required in preparing Estimates, &c. Originally 
Edited by the late Geo. R. Burnell, C.E., &c i2mo, 4J., cloth. 

' ' A multitudinous variety of useful information for builders and contractors 

With its aid the prices for all work connected with the building trade may be esti- 
mated. " — Building News. 

" Carefully revised, admirably arranged, and clearly printed, it offers at a glance a 
ready method of preparing an estimate or specification upon a basis that is unquestion- 
able. A reliable book of reference in the event of a au>pute between employer and 
employed," — Engineer. 

" Mr. Burnell has omitted nothing from this work that could tend to render it 
valuable to the builder or contractor.' — Mechanic's Magasint. 
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mjtjIiO'ndbook of Specifications. 



THE HANDBOOK OF SPECIFICATIONS ; or, Praclicil 
Guide to the Archilect, Engineer, Surveyor, and Builder, in drawing " 
uQ Specifications and Contracts for Works and. Constructions. 
Illustrated by Precedents of Buildings actually execuled by eminent 
Architects and Engineers, Preceded by a Preliminaiy Essay, and , 
Skeletons of Specifications and Contracts, &c, he, and explained 
by numerous Lithograph Plates and Woodcuts, By Professor 
Thomas L. Donaldson, President of (he Royal Institote of British 
Architects, Professor of Architecture and Construction, University 
Collide, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A EevtEW OF the Law of 
Contracts, and of the ResponsibQJties of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of iioo pp. ol 
text, and 33 Lithographic Plates, cloth, 2/. 2^. (Published at 4/.) 

' Id Ihescwo volutnaof i,ioo pbecs (logelheri, forty-four specifical 
rksaregivHij laclLicling ihespecific^EioDsror paitsoi ttiencwHou" 
Sir Charles Ban^, and for The nw Royal Eicliange, by Mr. 



'orla,' and occupies more Ihin loo ptioted pages. 
QiiEst the other knowri huildingi, the Bpcciocatiop 
Btnre Lunatic A^lum (Wyatt and Brandon) ; Tolh 



! Scon) ; sewij worlu of ™u'er si« by die Aulhw, incladitig Hesin. Shaw'i 
houKin FeEier Lane, a vervBuccesahi] elevation ; the Newcawe^upoi^Tyne Railway 
Slalkm (J. Dohson) : new Westminster Bridge (Pa«e) ; the Hi(h Level Bridge, New- 
camle IR. Siepheoson) ; vaiious workt on. On Ciiat Nonhetn Railway (Brydooel ; 
and one French EpcciiicatiDn for Hsuug in Uie Rue de Rivoll, Paris (MM. Armaod, 
HitlorOi Pellechei, and Rohsuli de Fleury, archiiicli). The lau is a very elaborate 
compositiDn. occupying seveoCy pages. Hie majority of the BpectGcalions have illus. 

^'Weare most e^ad to have the pre^t wotlc. It is valuable as a record, and more 
valoabie still as a rjQdk of precedents. 

lav in relation tc Lbe legal l!abilLLi« of engineers, arduteca, contractors, and builder?, 
by Ml. "W. Cunningham Glen, flflrriater^at-law ; intended rather for those persons 

readers will have eaihercd for themselves from the particulars we have given, that 
Donaldson's Handbo* of Specifications must be bought by a|l architects."— ^w'Wfr. 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Foiling, 
Tools, Workshop Machineiy, Meoianical Manipulation, Manufac- 
ture of the Steam Engine, &c &c. With an Appettdix on the 
AiuJysisof Ironand Iron Ore,and Glossary of Terms. By Francis 
Campin, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slottin Shaping, Drilling Punching, Shearing, and Riveting 
MachiL.s— Blast, Refining, and Reverberatory Furnaces — Steam 
Ei^ne -,, Governors, Boilers, Locomotives, &c. Demy 8vo, cloth. 
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Grantham s Iron Ship-Buildings enlarged. • 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mOy doth limp, also considerably enlaiged, 
By John Grantham, M. Inst C.E., &c. Price 2/. zr. complete. 

Description of Plates. 



1. Hollow and Bar Keds, Stem and 

Stem Posts. [Pieces. 

2. Side Frames, Floorings, and Bilge 

3. Floorings continued — Keelsons, Deck 

Beams, Gunwales, and Stringers. 

4. Q\xDNrsi\t& continutd — Lower Decks, 

and Orlop Beams. 
4/r. Gunwales and Deck Beam Iron. 

5. Angle-Iron, T Iron, Z Iron, Bulb 

Iron, as Rolled for Building. 

6. Rivets, shown in section, natural size ; 

Flush and Lapped Joints, with 
Single and Double Riveting. 

7. Plating, three plans ; Bulkheads and 

Modes of Securing them. 

8. Iron Masts, with Longitudinal and 

Transverse Sections. 

9. Sliding Keel, >yater Ballast, Moulding 

the Frames in Iron Ship Building, 
Levelling Plates. 

10. Longitiidinal Section, and Half- 

breadth Deck Plan of Large Vessels 
on a reduced Scale. 

11. Midship Sections of Three Vessds. 

12. Large Vessel, showing Details — Fore 

Ettd in Section, and End View, 
with Stem Post, Crutches, &c. 

1 3. Large K«j^/,showing Details— .<4/?^r 

Eftd in Section, with End View, 
Stem Frame for Screw, and Rudder. 

1 4. Large Vessel, showing Details —Mid' 

ship Section, half breadth. 

15. Machines for Punching and Shearing 

Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 
15/Z. Beam-Bending Machine, Indepen- 
dent Shearing, Pimchingand Angle- 
Iron Machine. 



15^. DonUe Lever Punching and Shearing 
Machine, arranged for cutting 
Angle and T Iron, with Dividing 
Tarae and Engine. 

16. Machines. — Garfortl^s Riretin^ Ma- 

chine, Drilling and Coiinter-Smking 
Machine. 
i6a. Plate Planing Machine. 

17. Air Furnace for Heating Plates and 

Angle-Iron : Various Todls used in 
Riveting and Plating. 

18. Gunwale ; Keel and Flooring ; Plan 

for Sheathing with Copper. 
i8a. Grantham's Improved Puui of Sheath- 
ing Iron Ships with Copper. 

19. Illustrations of the Magnetic Condi- 

tion of various Iron Smps. 
30. Gray's Floating Compous and Bin- 
nacle, with Adjusting Mamets, &c. 
az. Corroded Iron Bolt in Frame of 

Wooden Ship ; Jointing Pbtes. 
aa-4. Great EasterM^-lMoiDtn^ixail Sec- 
tions and Half-breadtn Plans— Mid- 
ship Secdon, with Details — Section 
in Engine Room, and Paddle Boxes. 
25-6. Paddle Steam Vessel of SteeL 
27. .S'caf^Mi^A— Paddle Vessel of Steel. 
28-9. Proposed Passenger Steamer. 
Persian — Iron Screw Steamer. 
Midship Secdon of H.M. Steam 

Frigate, Warrior. 
Midship Secticm of H.M. Steam 

Frigate, HercuUs. 
Stem, Stern, and Rudder of H.M. 

Steam Frigate, BellerophoM. 
Midship Section of H. M. Troop Ship, 
I Serahis. 

Iron Floating Dock. 



30- 
31- 

32. 

33- 

34- 

35- 



•'An enlarged edition of an elaborately illustrated work." — Builder, July xi, x868. 

" This edition of Mr. Grantham's work has been enlarged and improved, both with 
respect to the text and the engravings bein^ brought down to the present period . . . 
The practical operations required in produang a ^pare described and illustrated with 
care and precision." — Mechanics' Magazine, July 17, t868. 

" A thoroughly practical work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
ntcrests attached to them, is treated with sober and impartial wisdom and good sense. 
. . . . As good a volume for the instruction of the pupil or student ot iron naval 
architecture as can be found in any language." — Practical Mechatuc's youmal, 
August, 1868. 

" A very elaborate work. . It forms a most valuable addition to the history 

of iron shipbuilding, while its having been prepared by one who has'made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
will recommend it as one of practical utility to all interested in shipbuilduig.**— 1/4 rmry 
ana Navy Gazette, July 11, 1868. 
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CARPENTRY, TIMBER, &c. 

* 

TredgolcTs Carpentry, new & enlarged Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 

a Treatise on the Pressaie and Eqnilibrinm of Umber Fnmii^, the 

Resistance of Timber, and the Construction of Floors^ Ardies, 

' Bridges, Roofs, Uniting Iron and Stone with Timber, &a To which 

is added an Essay on the Nature and Properties of Timber, &c., 

^ with Descriptions of the Kinds of Wood used in Bnflding ; also 

/ numeroos Tables of the Scantlings of Timber for dififerent purposes, 

]V^ the Specific Gravities of Materials, &a By Thomas Tredgold, 

I ^ C.E. Edited by Peter Barlow, F.R,S. Fifth Edition, cor- 

' rected and enlarged. With 64 Plates (i i of which now first appear 

in this edition). Portrait of the Author, and several Woodcuts. In 

I voL, 4to, published at 2/. 2j., reduced to i/. 5x., cloth. 

** * Tre<^;ol<f s Carpentry' o«^;lit to be in every ardutect's and every bulIder^s 
fibcary, and those who do not already possess it ought to avail theouehres of die new 
tssue. — BuUder^ April 9, 1870L 

A w(H-k whose monumental excellence must rm""»r«^ it wherever skilful car- 
|ientry is concerned. The Autfaor^s ptinciides are rather confirmed than impaired by 
tmuty and, as now presented, combine die stnest base with the most interestii^ display 
of progressive sdoice. The additional plates are of great intrinsif; -nixxcJ^^Bttildtftg 
if0ws, Feb. 25, 187a 



<«<• 



^ jXtedgold's Carpentry' has ever held a h^ position, and die issue of the fifth 
<4ifMinj in a still more improved and calaii^ed form, will ^ve satisfoction to a very 
J&fsp number of artLsaus who desire to raise diemselves m their business, and who 
atf» to do so by displayii^ a greater amount ci knowledge and intelligence than their 
fi^Boir-workmen. It is as complete a work as need be desired. To the superior 
• W Jcpirinan &e volume will prove invaluable ; it contains treatises written in language 
wiiidh he will readily comprehend." — Mining youmal, Feb. 12, 187a 

: Grandys Timber Tables. 

"^ THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDK By Richard K 

i Grandy. Comprising : — An Analysis of Deal Standards, Home 

fc and Foreign, with comparative Values and Tabular Arrangements 

\ for Fixing Xett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, Duty, &c., 

** ' &C. ; together with Copious Information for the Retailer and 

\ \ • Builder. i2mo, price ys. 6^. cloth. 

^ ^'Sverything it pretends to be : built up gradually, it leads «ie rom a forest to a 
r CMa«^ and throws in, as a makewdeht, a host of material concerning bricks, columns, 
&c — all that the class to whom it ai^ieals requires." — English Mechanic. 



^ .^'*!Ilie«osilydifficultyweliaveisastowhat isNorin itspages. What we have tested 
^4h0r€QtBtents,taken at random, is invariably correct." — Illustrated Builder's Jinarnal, 

^ tl^BiUes/or Packing-Case Makers, 

f, ^f' FACKING-CASE TABLES ; showing the number of Superficial 

*^-'yeet in Boxes *or Packing-Cases, from six inches square and 

«^ ^imrards. Compiled by William Richardson, Accountant. 

-^"^QUbi^ |to, cloth, price 3J. 6d. 

9kwt utuch labour and calculation to packing-case makers and those who use 
'—-Grocer. "Invaluable labour-saving tables.'* — Ironmonger. 
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Nicholson's Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is, cloth. 

Dowsing' s Timber Merchant's Companion, 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of D^ds and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertainmg the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3J. cloth. 

" Everything Is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to'possess it, because such possession 
would, with use, unquestionably save a very great deal of time, and, moreover, ensure 
perfect accuracy in calculations. There is also another class besides these who ought 
to possess it ; we mean all persons engaged in carrying wood, where it is recjuisite to 
ascertain its weight. Mr. Dowsing's tables provide an easy means of domg this. 
Indeed every person who has to do with wood ought to have it." — Hull Advertiser. 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Tenth Edition, wiA Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, ^s. bound. \Recently publishtd, 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Templeton'sCompanion stands unrivalled. "•—il/rcAtffficr'^a/asw^. 

" Admirably adapted to the wants of a very lar^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this little work.** — Builaing Nent, 
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Engineer's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a Collectim of Useful 
Tables, Rules, and Dala. Compiled and Arranged, wilh. Original 
Matter, byW. TeMPLETON. 4tli Edition. i8mo, 2J.6rf. cloth. 













-Mickania' Magatuu. 











Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE lo the PRACTICE of MEA- 
SURING, andVALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda foir the Valuation of Laboar and Materials in the res- 
pective Trades of Bricklayer and Slater, Carpenter and Joiner, 
fainter and Glaiier, Paperhunger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wvndham Tarn,'M.A., Architect. 8vo, 
loi. td. cloth. \yustfubHskcd. 

" Taa useful book tbould be in siaf architect's and buildrr's ofllcE. It conUing 
3 vast amoiukL aTinfarmationabfioIutdytiece^Aarv ta be known- "-^T'Af/tuA^vfA^r. 

" Tbe book iA well W0rtbv the attcDlion of the student JnaichitecfureandsurvevinE, 
as by the csrcful study of it his progicu in bis professon will be mudi facilitated."-' 

"We have failed to discover anythine connected with the buildir^ tiade, frotnex- 
cavatins roondations lo bell-hanging. Aal is not fully Irealed upca in this valuable 
■woi*."— Tlt^^rtiaaw. March, iSy^r 

'^ Mr. Tarn \iv, well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amounl of inlbrmation relating to 
the techoicaiitics And modes of construction employed In the several branches of die 

building trade From the extent of the information which the volume 

embnlies, and the care taken to secure accuracy in every detail, it l?uinot fail to piove 
of the highest value to student), whether training in the olfices of provincial surveyoti, 

"Altogether the book is one which well fulfils the promise of its title-p«j[e, and we 
can thoroughly reconunend it to the class for whose use it has been compded. Mr. 
Tarn's additions and levisions have much increased the useftibuss of the work, and 

bold and clear, and the plates very well eiecuied."— £>ijiN«Wnf, HarSi 34, 1B71. 

Superficial Measurement. 
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MATHEMATICS, &c. 

Gregory s Practical Mathematics, 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in genend. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus GREGORY, 
LL.D., F.R. A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. YouNG, formerly Profes- 
sor of Mathematics, Belfast College; Author of **A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. \s, doth. 

•* As a standard work on mathematics it has not been excelled.** — Artizan. 

" The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in ms practice. As a moderate acqtiaint- 
ance with arithmetic, algebra, and elementary geometry is absolutely necessary to the 
proper understanding of the most useful portions of this book, the author very %risely 
has devoted the first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is deariy 
worked out." — Builder. * 

* * One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. lAw, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem sQmost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of modem 

times In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical errors which 
have escaped the eyes of the former Editor. The book is now as complete as it Ls 

possible to make it We have carried our notice of this book to a greater 

length than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused for 
oversteppmg our limit. It is an instructive book for the student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C. E. 8vo, loj. (>d. strongly bound. 

"Mr. Dowling's Tables, which are well put together, come just in time as a readjr 
reckoner for the conversion «f one system into the other." — Atherututn. 

"Their accuracy has been certified by Professor Airy, the Astronomer RoyaL**— 
Builder. 

*' Resolution 8. — That advantage will be derived from the recent publication of 
Metric Tables, by C H. Dowling, Q.Y.r--Report of Section F British A tsociati^, 

Bath. 
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InwoocTs Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold ; Annuities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c, together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to lower and Intermiediate 
Rates. By William Inwood, Architect. The i^th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &9., by M. FifeDOR Thoman, of the Soci^te 
Credit Mobilier of Paris. l2mo, &r. cloth. 

** This edition {the \%th) differs in many important partietUars 
from former ones. The changes consist^ first, in a more convenient 
and systematic arrangement of the original Tables^ and in the renwval 
of certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ; and secondly, in the 
extension of practical utility conferred on the, work by the tntroebtctum. 
of Tables now inserted for the first time. This new and important 
tnoMer is all so much actually added to Inwood's Tables ; nothing 
ha^ been abstracted from the original collection: so that those who have 
been long in the habit of consulting In WOOD for any sp^tal profes- 
sional purpose will, cts heretofore, find the information sought still in 
. tts pages. 

*' Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c.y will 
find the present edition of eminent SRrfxc^."— Engineering^. 

'Geometry for the Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A.y Architect, Author of "The Science of Building," &c. 
With 164 Illustrations. Demy 8vo. I2r. 6t/. \^Now ready. 

Compound Interest and Annuities, 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By Fedor Thoman, of the Societe Credit Mobilier, 
Paris. l2mo, cloth, ^s, 

. "Av«ry powerful work, and the Author has a very remarkable command of his 
subject." — Professor A. de Morgan. 

-** No banker, merchant, tradesman, or man of business, ought to be without Mr. 
/ISMman's truly 'handy-book.' ^'—Review. 

" The author of this * handy-book * deserves our thanks." — Insurance Gazette. 

"We recommend it to the nodce of actuaries and zcco\iTitlaciit5."—Athenteitm. 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-MJfcMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal Svo, extra 
cloth boards, and lettered, price 4/. lOr. 

"A compendious encyclopaedia of military knowledge, to which we are greatly in- 
debted." — Edinburgh Review. 

" The most comprehensive work of reference to the military and collateral sciences. 
Among the list of contributors, some seventy-seven in number, will be found names of 
the highest distinction in the services. . . . The work claims and possesses the great 
merit that by far the larger portion of its subjects have been treated originally by the 
pra«tical men who have been its Q.oxiX3r^i\x\.ox%J^'- Volunteer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the Royal Military Academy, Woolwich. Sixth 
Edition, crown Svo, cloth, with separate Atlas of 12 Plates, sewed, 
price I2J'. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 

Properties, Applications, Valuation, Impurities, and Sophistications. 

For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 

W. Slater. Post Svo, cloth, price 7^. dd, \Recently publisKed. 

" Essentially a manual for practical men, and precisely such a book as practical 
men will appreciate." — Scientific Review. 

" A complete encyclopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, and the methods of determinmg the value 
of articles such as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable." — Chemist attd Druggist, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno- Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's HospitaL Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. Svo, l/. 4J'. cloth. 

" This publication fully bears out its title of ' Manual.' It discusses in a satisfactory 
manner electricity, frictional and voltaic, thermo-electricity, and electro-physiology. 
— A themeitm. 

" The commendations already bestowed in the pages of the Lancet on the former 
editions of this work are more than ever merited by the present. The accounts giTen 
of electricity and galvanism are not only complete m a scientific sense, but, whiuTit a 
rarer thing, are popular and interesting." — Lancet. 
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Text-Book of Electricity, 

THE STUDENTS TEXT-BOOK OF ELECTRICITY: in- 
cluding Magnetism, Voltaic Electricity, Electro-Magnetism, Dia- 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy. .Beinjg a Condensed Resum^ of the Theory and Ap- 
plication of Electrical Science, including its latest Practical Deve- 
lopments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry.M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 400 Illustrations, I2J. 6</. cloth. 

*' We can recommend Dr. Noad's book for clear style, great, range of subject, a good 
index, and a plethora of woodcuts. Such collections as the present are indispensable." 
-^Athenaum. 

** A most elaborate compilation of the facts of electricity and magnetism, and of the 
theories which have been advanced concerning them." — Popular Science Review. 

** Clear, compendious, compact, well illustrated, and well printed, this is an excel- 
lent manual." — Lancet. 

** We can strongly recommend the work, as an admirable text-book, to every student 
—beginner or advanced— of electricity." — Engineering. 

" The most complete manual on the subject of electricity to be met with.** — Observer. 

" Nothing of value has been passed over, and nothing given \>ut what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science." — 
Mechanics? Magazine. 

*' We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any laze that contains so 
i^oniplete a range of facts." — English Mechanic. 

Riidimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, cloth. 4f. 6^. 

\Now ready, 

. Chemical Analysis, 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9^". cloth. 

' 'fWe recommend this book to the careful perusal of every one ; it may be truly 
affiinmed to be of universal interest, and we strongly recommend it to our readers as a 

'^flcdde, alike indispensable to the housewife as to the pharmaceutical practitioner." — 

* Medical Times. 

** The very best work on the subject the English press has yet produced."— Me- 
chanici Magazine. 

^foctical Philosophy. 

t^ A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
^„;, IpHN Carr, M. a., late Fellow of Trin, Coll., Cambridge. Second 
Edition. i8mo, 5j. cloth, 
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Science and Art. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Past Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John Times, F.S.A., 
Author of "Curiosities of Science," '* Things not Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. 5j. cloth. 

** TTiis work, published annually, retards the proceedings of the 
principal scientific societies, and is iftdispensable to all who wish to 
possess afiiithful 7'ecord of the latest iwvelties in science and the arts. 

The back Volumes, from 1861 to 1870, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5j. each. 

" Pen>ons who wish for a concise annual summary of important scientific events will 
lind their desire in the * Year Book of Facts.' " — Athenauni. 

" The standard work of its class. Mr. Timbs's ' Year Book ' is always full of sugges- 
tive and interesting matter, and is an excellent risumi of the year's progress in the 
sciences and the arts.** — Builder. 

" A correct exponei^t of scientific process .... a record of abiding interest. If 
anyone wishes to know what progress science has made, or what has been done in any 
branch of art durmg the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required information.** — Mechanic/ Magazine. 

" An invaluable compendium of scientific progress for which the public are indebted 
to the untiring energy of Mr. Timbs." — Atlas. 

" There is not a more useful or more interesting compilation than the * Year Book of 
Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on record, are deserving of great praise."— 
Railway News. 

Science and Scripture, 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geolo^ts and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of liume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars— their Distances and Masses. By Professor 
J. R. Young, Author of " A Course of Elementary Mathematics," 
&c. &c. Fcap. 8vo, price 51. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent." — English Churchman. 

" Distin^ished by the true spirit of scientific inquiry, by gpreat knowledge, by keen 
logical ability, and by a style peculiarly clear, easy, and energetic." — Noneon/ortmst.. 

" No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism."— ^a/Zw/ Magazine. 

"The author has displayed considerable learning and critical acumen in combating 
the objections alluded to The volume is one of considerable value, inas- 
much as it contains much sound thought, and is caknilated to assist the reader to dis- 
criminate tmth from error, at least so far as a finite mind is able to separate them. 
'Ilie work, therefore, must be considered to be a valuable contribation to c o n tro versial 
theological literature." — City Press, 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price ^s. cloth. 

•* We can recommend Mr. Le Vaux as an able and interestiog guide to a popular 
appreciation of geological science." — Spectator. 

*'The author combines an unbounded admiration of science with an unbounded 
admiration of the Written Record. The two impulses are balanced to a nicety ; and 
^e consequence is^ that difficulties, which to minds less evenly poised, wouUl be 
serious, find immediate solutions of the happiest kinds." — London Review. 

*' A most instructive and readable book. We welcome this volume as aiding in a 
most important discussion, and commend it to those interested in the subject.^ — 
Mvan^elical Magazine. 

** Vigorously written, reverent in spirit, stored with instructive geological &cts, and 
designed to show that there is no discrepancy or inconsistency between the WcMrd and 
the works of the Creator. The future of Nature, in connexion wiUi the glorious destiny 
of man, is vividly conceived." — Watchman. 

*' No real difficulty is shirked, and no sophistry is left unocposed" — Tie Rock. 

Geology, Physical. 

PHYSICAL GEOLOGY. (ParUy based on Major-General 
Portlock's Rudiments of Geology.) By RALPH Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2j. \Rectdy. 

Geology, Historical. 

HISTORICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, zr. 6^. {Ready. 

Wood-Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2j. td. 

** The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's ' publication." — Athenteunu 

** A x^^ practical guide. It is very complete." — Literary Churchman. 

*' The directions given are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art." — English Mechanic. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gcllick, 
Painter, and John Times, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6^. cloth. 

%* This Work has been adopted as a Prize-book in the Schools 
of Art at South Kensington. 

** A work that may be advantageously consulted. Much may be learned, even bv 
diose who fancy they do not require to be taught, from the careful perusal of this 
lumretending but comprehensive treatise.'* — Art Jc^mal. 

^ ' A>»aduable book, which supplies a want. It contains a larse amount of original 
^Kitter, a^greeably conveyed, zud will be found of value, as well by the yptwg artist 
-'* • mformation as by the general reader. We give a cokrdial welcome to the book, 
^r for it an increasing reputation.*— ^irr/ii^Jw. 
/^■**'Jihm vohuBe is one that we can heartily recomnilnd to idl whe are demrous of 
wiUklgfandiHg what they admire in a good paintiBg."-rX?a^ Mums. 
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Delamotte' s Works on Illumination & Alphabet 

A PRIMER OF THE ART OF ILLUMINATION ; for tl 
use of Beginners : with a Radimentary Treatise on the Art, Pra 
tical Directions for its Exercise, and nmnerous Examples tak( 
from Illmninated MSS., printed in Gold and Colours. By F. Del 
MOTTE. Small 4to, price 9^. El^antly bound, cloth antique. 

" A handy book, beautifully iUustxated ; the text of which is wdl written, and c 
culated to be usefuL . . . The examples of ancient MSS. reconunended to the studei 
which, with much good sense, the author chooses from collections accessible to all, a 
selected with judgment and knowledge, as well as taste." — Atheruttmt, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIiEVAI 
from the Eighth Century, with Numerals ; including Gothi 
Church-Text, large and small, German, Italian, Arabesque, Initia 
for Illumination, Monograms, Crosses, &c. &c., for the use 
Architectural and Engineering Draughtsmen, Missal Painter 
Masons, Decorative Painters, Lithographers, Engravers, Carver 
&c. &c. &c. Collected and engraved by F. Delamotte, ar 
printed in Colours. Royal 8vo, oblong, price 41. cloth. 

''A well-known engraver and draughtsman has enrolled in this useful book tl 
result of many years' study and research. For those who insert enamelled sentenc 
round gilded chalices, who blazon shop l^ends over shop-doors, who letter diur 
walls with pithy sentences from the De<sdogue, this book will be nsefuL" — Athentna 

EXAMPLES OF MODERN A4.PHABETS, PLAIN and ORN^! 
MENTAL ; including German, Old English, Saxon, Italic, Pe 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscai 
Riband, Gothic, Rustic, and Arabesque ; with several Origin 
Designs, and an Analysis of the Roman and Old English Alph 
bets, large and small, and Numerals, for the use of Draughtsmei 
Surveyors, Masons, Decorative Painters, Lithographers, Engraver 
Carvers, &c Collected and engraved by F. Delamotte, ar 
printed in Colours. Royal 8vo, oblong, price 4^. cloth. 

" To artists of all classes, but more especially to architects and engravers, this ve 
handsome book will be invaluable. There is comprised in it every possible shape in 
which the letters of the alphabet and numerals can be formed, and the talent whi 
has been expended in the conception of the various plain and ornamental letters 
wonderful. *^-— Standard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUM 
NATORS. By F. Delamotte, Illuminator, D^igner, ar 
Engraver on Wood, Containing 2i Plates, and Illuminated Titl 
printed in Gold and Colours. With an Introduction by J. Will 
Brooks. Small 4to, dr. cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding ai 
all the colours of the prism interwoven and intertwined and intermingled, sometiro 
with a sort of rainbow arabesque. A poem emblazoned in these characters would 
only comparable to one of those delicious love letters symbolized in a bundi of flowc 
well selected and cleverly arranged."— ^S/^^y. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initial 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesia 
tical Devices, Mecjjaeval and Modem Alphabets, and Nation 
Emblems. Collect^ and engraved by F. Delamotte, ar 
printed in Colours. Oblong royal 8vo, 2J. td. in ornamental board 
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AGRICULTURE, &c. 



Youatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. uth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Farm," &c. 
One large 8vo volume, 784 pp. with 215 Illustrations, i/. is, half-bd. 



CONTENTS. ^ 



On tJie Breedings Rearing, Fattening ^ 
and General Management ^Neat Cattle. 
— Introductory View of thedifFerent Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the different Breeds of 
J^eat Cattle. — General Observations on 
Buying and Stocking a Farm with Cattle. 
— The Bull. — The Cow. — ^Treatment and 
Rearing of Calves. — Feeding of Calves for 
Veal. — Steers and Draught Oxen. — Graz- 
ing Cattle. — Summer Soiling Cattle. — 
Winter Box and Stall-feeding Cattle. — 
Artificial Food for Cattle. — Preparation 
of Food. — Sale of Cattle. 

On the Ecofiomy and Management of 
the Dairy. — Milch Kine. — Pasture and 
other Food best calculated for Cows, as 
it regards their Milk. — Situation and 
Buildmgs proper for a Dairy, and the 
proper Dauy Utensils. — Management of 
Milk and Cream, and the M^ing and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a'Uairy. 

On tJte Breeding, Rearing, and Ma- 
ttagement of Farm-horses. — In troductory 
and Comparative View of the different 
Breeds of Farm-horses. — Breeding Horses, 
Cart Stallions and Mares. — Rearing and 
Training of Colts. — Age, Qualifications, 
and Sale gf Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses. — 
Asses and Mules. 

On tlie Breeding, Rearing, and Fat- 
tening of Sheep.— A.x\Xxo6wc\.oxy and Com- 
parative View of the different Breeds. — 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House- lambs, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding, Rearing, and Fat- 
tening of Sivine. — Introductory and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs. — 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On the Diseases of Cattle. — Diseases 
Incident to Cattle. — Diseases of Calves. — 
Diseases of Horses. — Diseases of Sheep. — 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fo<i^Is, Pigeons, &c. — Palmipedes, 
or Web-footed kinds. — Diseases of Fowls. 

On Farm Offices and Implements of 
Husbandry. — The Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors. — Steam 
Engines, Thrashing Machines, Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Management oj 
Grass Land. — Size and Shape of Fields. 
— Fences. — Pasture Land. — Meadow 
Land. — Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediment!^ 
to the Scythe and the Eradication of 
Weeds.— Paring and Burning. — Draining. 
Irrigation. — Warping. 

On the Cultivation and Application 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — Vegetables best calculated for 
Animal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Catde. 

On Manures in General, and their 
Application to Grass Land. — Vegetable 
Manures. — ^Animal Manures. — Fossil and 
Mineral Manures. — Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — Application of Manures. — Flemish 
System of Manuring. — Farm Accounts, 
and Tables for Calculating Labour by the 
Acre, Rood, &c., and by the Day, Week, 
Month, &c. — Monthly Calendar of Work 
to be done throughout the Year. — Obser- 
vations on the Weather. — Index. 



*• The standard, and text-book, with the fanner and grazier." — Farmer's Magazine. 

" A valuable repertory of intelligence for all who make agriculture a pursuit, and 
especially for those who aim at keeping pace with the improvements of the age." — 
Belfs Messenger. 

*' A treatise which will remain a standard work on«the subject as long as British 
agriculture endures." — Mark Lane Express, 
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Scott Burn's Introdtcction to Farming. 

THt: LESSONS of MY FARM : a Book for Apateur Agricul- 
turists, being an Introduction to Farm Practice, fn the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn, Editor of " The Year-Book of Agricultural Facts,'; 
&c. With numerous Illustrations. Fcp. 6j. cloth. 
"Amost complete introduction to the whole round of fanning practice."— Tt^Aw 

Bull. 

"There are many hints in it which even old farmers need not be ashamed to 

accept." — Morning Herald. 

Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added. Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also, Tables 
of Square Measure, and of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &€. 
By R. Hudson, Civil Engineer. New Edition, with Additions and 
Corrections, price 41. strongly bound. 
" This new edition includes tables for ascertaining the value of leases for any term 
of years : and for showing how to lay out plots of js^ound of certain acres in forms, 
square, round, &c., with valuable rules for ascertainmg the probable worth of standing 
timber to any amount ; and is of incalculable value to the country gentleman and pro- 
fessional man." — Farmer's Jourtial. 

The Laws of Mines and Mining Companies, 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 4J. cloth. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally ; 
with prices for Inventories, &c By John Wheeler, \^uer, &c. 
Third Edition, enlarged, by C. Norris. Royal 32mo, strongly 
bound, price Jj*. * \Jtist published. 

" A neat and concise book of reference, containing an admirable and clearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, &c." — Statidard, June 27, 1871. 

The Civil Service Book-keeping. 

BOOK-KEEPING NO MYSTERY: its Principles popularly ex- 
plained, and the Theory of Double Entry analysed ; for the use of 
Young Men commencing Business, Examination Candidates, and 
Students generally. By an Experienced Book-Keeper, late of 
H.M. Civil Service. Second Edition. Fcp. 8vo. price 2J. cloth. 
•'A book which brings the so-called mysteries withia the comprdiension of the 
simplest capacity." — Sunday Time's. 

"It is clear and concise, and exactly such a text-book as students require."— 
QuarUrly youmal of Kducation. 
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Text-Book for Architects, Engineers, Surveyors, 
Land Agents, Country Gentlemen, &c. 

A GENERAL TEXT-BOOK for ARCHITECTS, ENGI- 
. NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS, 
. LAND AGENTS, and STEWARDS, in aU their several and 
varied Professional Occupations ; and for the Assistance and 
Guidance of Country Gentlemen and others engaged in the Trans- 
fer, Management, or Improvement of Landed Property ; together 
with Examples of Villas and Country Houses. By Edward Ryde, 
Civil Engineer and Land Surveyor. To which ai« added several 
Chapters on Agriculture and Landed Property, by Professor 
Donaldson, Author of several works on Agriculture. With 
numerous Engravings, in one thick vol. 8vo, price i/. %s. cloth. 



CONTENTS. 



Arithmetic. 

Plane and Solid Geometry. 
. Mensuration. 
Trigonometry. 
Conic Sections. 
Land Measuring. 
Land Surveying. 
Levelling. 
Plotting. 

Computation of Arbas. 
Copying Maps. 
Railway Surveying. 
Colonial Surveying. 
Hydraulics in conkhction 

WITH Drainage, Sbwbrage, 

and Water Supply. 



Timber Measuring. 

Artificers' Work. 

Valuation of Estates. 

Valuation of Tillage and Tenant 
Right. 

Valuation of Parishes. 

Builders' Prices. 

Dilapidations and Nuisances. 

The Law relating to Appraisers and 
Auctioneers. 

Landlord and Tenant. 

Tables of Natural Sines and Co- 
sines ; for Reducing Links into 
Feet, &c. &c. 

Stamp L.\ws. 

Examples of Villas, &c. 



To which are added Fourteen Chapters 
ON LANDED PROPERTY. By Professor Donaldson. 

Chap. I. — Landlord and Tenant : their Position and Connections. 

Qiap. II. — Lease of Land, Conditions and Restrictions; Choice of Tenant, 

and Assignation of the Deed. 
Chap. III. — Cultivation of Land, and Rotation of Crops. 
Ctap. IV.— Buildings necessary on Cultivated Lands : Dwelling-houses, 

Farmeries, and Cottages for Labourers. 
Chap. V. — Laying out Farms, Roads, Fences, and Gates. 
Chap. VI. — Plantations, Young and Old Timber. 
Chap. VII. — Meadows and Embankments, Beds of Rivers, Water Courses, 

and Flooded Grounds. 
Chap. VIII.— Land Draining, Opened and Covered : Plan, Executicm, and 

Arrangement between Landlord and TenanL 
Chap. IX. — Minerals, Woricing, and Value. 
Chap. X. — Expenses of an Estate. 
Chap. XI. — Valuation of Landed Property ; of the Soil, of Houses, of Woods, 

of Minerals, of Manorial Rights, of Royalties, and of Fee 

Farm Rents. 
Chap. XII. — Land Steward and Farm Bailiff: Qualifications and Duties. 
Chap. XIII. — Manor Bailiff, Woodreeve, Gardener, and Gamekeeper : their 

Position and Duties. 
Chap. XIV.— -Fixed Days of Audit : Half-yearly Paymetits of Rents, Form of 

Notices, Receipts, and of Cash Books, General Map of Es- 
tates, &c 



